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(54) Title: CLAVULANIC ACID DERIVATIVES FOR TREATING ATHEROSCLEROSIS 
(57) Abstract 

Clavulanic acid derivatives of 
structure (I) in which R 1 is OH, 

OCOR 3 , OCHO, 0(CH 2 )nOR 5 , OCi- (I) 
i 2 alkyl, CKCH 2 )nC02R 5 , -S(0)pCi- 
aalkyl, S(CH 2 ) q Ph, S(OMCH 2 )„Ph, 
N 3 , NR 6 R 7 or (a); R 2 is 0(CH 2 )nPh 
in which the phenyl ring may option- 
ally be substituted. 0(CH 2 )„naphthyl, 0(CH 2 )nC0Ph, 0(CH 2 )„SPh, OCH(Ph)Ci-6alkyl, OCi^alkyl, NR ,0 (CH 2 )qPh. NR 10 (CH 2 )nCOPh 
N(R 8 )0(CH 2 ) n Ph; R 3 is Ci.i 2 alkyl. C 2 -i 2 alkenyl, optionally substituted phenyl, CH(Phh, biphenyl, (CH 2 )nPh, (CH 2 )nHet, (CH 2 )„C0 2 R 8 
(CH 2 ) ll C3^cycloaIkyl. C(R 9 ) 3 , adamantyl, naphthyl, Cs^cyclohexyl, (CH 2 ) n Ph(CH 2 )J , h or PhOPh; R 5 is hydrogen or Ci^alkyl; one of R 6 
and R 7 is hydrogen or Ci^alkyl, and the other is CHO, CH 2 Ph, COCi^alkyl, COPh, COCH 2 NHCOCi-6alkyl or NHCOOCH 2 Ph; R 8 is 
hydrogen or Ci-salkyl; R 9 is hydrogen or halogen; R 10 is hydrogen, hydroxy, Ci^alkyl or OCOCH3; m is 1 or 2; n is 1 to 8; p is 0, 1 or 
2; q is 0 to 6 and r is 0, 1 or 2; and salts, hydrates and solvates thereof are inhibitors of Lp PLA2 and of use in therapy, in particular for 
treating atherosclerosis. 
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CLAVUIANIC ACID DERIVATIVES FOR TREATING ATHEROSCLEROSIS 

The present invention relates to certain novel clavulanic acid derivatives, 
processes for their preparation, intermediates useful in their preparation, pharmaceutical 
5 compositions containing them and their use in therapy, in particular in the treatment of 
atherosclerosis. 

The sequence of the enzyme Lipoprotein Associated Phospholipase A 2 (Lp- 
PLA2), the isolation and purification thereof isolated nucleic acids encoding the enzyme, 
recombinant host cells transformed with DNA encoding the enzyme are described in 

1 0 patent application WO 95/00649 (SmithKline Beecham pic). Suggested therapeutic uses 
for inhibitors of the enzyme included atherosclerosis, diabetes, rheumatoid arthritis, 
stroke, myocardial infarction, reperfusion injury and acute and chronic inflammation. A 
later patent application (WO 95/0992 1 . Icos Corporation) and a related publication in 
Nature (Tjoelker et aL vol 374. 6 April 1995, 549) describe the same enzyme, although 

1 5 calling it by the name Tlatelet Activating Factor Acetyl Hydrolase 1 (PAF acetyl 

hydrolase) and suggest that it may have potential as a therapuetic protein for regulating 
pathological inflammatory events. r 

Lp-PLA2 is responsible for the conversion of phosphatidylcholine to 
lysophosphatidylcholine, during the conversion of low density lipoprotein (LDL) to its 

20 oxidised form. The enzyme is known to hydrolyse the sn-2 ester of oxidised 

phosphatidylcholine to give ^©phosphatidylcholine and an oxidatively modified fatty 
acid. Both products of Lp-PLA2 action are biologically active with 
lysophosphatidylcholine. a component of oxidised LDL, known to be a potent 
chemoattractant for circulating monocytes. As such, lysophosphatidylcholine is thought 

25 play a significant role in atherosclerosis by being responsible for the accumulation of 
cells loaded with cholesterol ester in the arteries. Inhibition of the Lp-PLA2 enzyme 
would therefore be expected to stop the build up of these macrophage enriched lesions 
(by inhibition of the formation of lysophosphatidylcholine and oxidised free fatty acids) 
and so be useful in the treatment of atherosclerosis. 

30 The increased lysophosphatidylcholine content of oxidatively modified LDL is 

also thought to be responsible for the endothelial dysfiinction observed in patients with 
atherosclerosis. Inhibitors of Lp-PLA2 could therefore prove beneficial in the treatment 
of this phenomenon. A Lp-PLA2 inhibitor could also find utility in other disease states 
that exhibit endothelial dysfunction including diabetes, hypertension, angina pectoris and 

35 after ischaemia and reperfusion. 
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Lp-PLA 2 inhibitors may also have a general application in anv disorder that 
involves activated monocytes, macrophages or lymphocytes, as all of these cell types 
express Lp-PLA,. Examples of such disorders include psoriasis. 

Lp-PLA 2 inhibitors may also have a general application in anv disorder that 
involves hp.d peroxidation in conjunction with Lp-PLA^ activity to produce the two 
injurious products, lysophosphatidylcholine and oxidattvely modified fatty acids Such 
conditions include the aforementioned conditions atherosclerosis, diabetes, rheumatoid 
arthritis, stroke, inflammatory conditions of the brain such as Alzheimer's Disease 
myocardial infarction, reperfusion injury, sepsis and acute and chronic inflammation 
Further such conditions include various neuropsychiatry disorders such as schizophrenia 

Recently published International patent applications WO 96/13484 and WO 
96/19451 (SmithKline Beecham pic) disclose two series of substituted azetidin-2-ones 
which are inhibitors of Lp PLA->. 

We have now .dentified a further series of compounds which have been found to 
13 act as inhibitors of Lp-PLA->. 

The present invention provides in a first aspect compounds of structure (I): 



10 



20 




(I) 



in which: 



R 1 isOH. OCR 3 OCHO.O(CH 2 j n OR5.0C l ., 2 alkyl,0(CH 2 ) n C0 2 R5 

_(CH 2 ) m 

- S (0)pCi-i 2 alkyl. S(CH 2 ) q Ph. S(0)r(CH^ n Ph. N 3 , NR6r7 or ^ 

0 ^ 

R 2 is 0(CH 2 ) n Ph in which the phenyl ring may optionally be substituted, 
0(CH 2 ) n naphthyl, 0(CH 2 ) n COPh. 0(CH 2 ) n SPh. OCH(Ph)C,. 6 alkvl, OC, 6 alkyl 
NRlO (C H 2 ) q Ph. NRlO ( CH 2 ) n COPh, N(R8)0(CH 2 ) n Ph; 

R 3 *s C j _] 2 alkyl. C 2 . 12 alkenyl, optionally substituted phenyl, CH(Ph) 7 , biphenyl 
fCH 2 ) n Ph. (CH 2 ) n Het. (CH 2 ) n C0 2 R8. (CH 2 ) n C 3 . 6 cycloalkyl, C(R9):' adamantyl. 
naphthyl. C 3 . 6 cyclohexyl, (CH 2 ) n PWCH 2 ) n Ph or PhOPh; 
R 5 is hydrogen or Cj. 6 alkyl: 
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one of R6 and R 7 is hydrogen or Cj. 6 alkyl. and the other is CHO. CH->Ph. COC^alky! 
COPh.COCH 2 NHCOC 1 . 6 alkvlorNHCOOCHoPh- 
is hvdrogen or C i_ 0 alkvl: 
is hydrogen or haioeen: 
; R 10 is hydrogen, hydroxy. Ci_ 6 alkyl or OCOCH3; 

m is 1 or 2: n is 1 to 8: p is 0. 1 or 2; q is 0 to 6 and r is 0. 1 or 2; 
and salts, hydrates and solvates thereof. 

Preferably R* is OH. OCOR3 or NR*r7. Most preferably Rl is NHCOCH3. 
Preferably R^ i s 0(CH 2 ) n Ph. in which n is 1 to 8. in particular 6. 
Preferably R3 is C M2 alkyl. Most preferably R 3 is methyl. 
Preferably R 5 is hydrogen. 
Preferably, one of R6 and R 7 is hydrogen and the other is COC^alkyl, in 
particular COCH3. 

Preferably R 8 is hydrogen. 

1 5 Preferably one group R 9 is hydrogen and the other two are halogen, in particular 

chlorine. 

Preferably R 10 is hydrogen. 
Preferably, m is 2. 
Preferably, n is 6. 
20 Preferably, p is 2. 

Preferably, q is 0 to 6. Most preferably q is 0 or 1 . 
Preferably, r is 0. 1 or 2. Most preferably r is 2. 

The term optionally substituted phenyl ring as used herein shall be taken to 
include phenyl rings substituted by 1 to 3 substituents selected from Chalky), C\„ 
25 galkoxy. amino. C \ .galky Ithio. halogen, cyano. hydroxy, carbamoyl, carboxy . C j . 
6alkanoyl or trifluoromethy 1. C \ _ 6 and C j . ] 2 alkyl groups (either alone or as part of 
another group) can be straight or branched. 

Compounds of structure (I) can form salts, in particular pharmaceutically 
acceptable acid addition salts with suitable organic and inorganic acids the nature of 
30 which will be apparent to persons skilled in the art. For example, pharmaceutically 
acceptable salts can be formed by reaction with hydrochloric, sulphuric, or phosphoric 
acids: aliphatic, aromatic or heterocyclic sulphonic acids or carboxylic acids such as for 
example, citric, maleic or fumaric acids. 

The compounds of structure (I) can be prepared starting, for example, from 
35 potassium clavulanate by processes analogous to those known to those skilled in the art as 
described in the specific examples hereinafter. 
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Compounds of the present invention are inhibitors of the enzvme lipoprotein 
assorted phospholipase A 2 (Lp-PLA 2 ) and as such are expected to be of use in therapy 
m particular in the treatment of atheroscleros.s. In a further aspect therefore the present 
mvenuon prov,des a compound of formula (1) for use in therapy. 

The compounds of formula (I) are inhibitors of ^phosphatidylcholine 
production by Lp-PLA 2 and may therefore also have a general application in anv disorder 
that mvolves endothelial dysfunction, for example atherosclerosis, diabetes, hvpenenskm 
angina pectoris and after ischaemia and reperfusion. In addition, compounds of formula ' 
(I) may have a general application in any disorder that involves lipid peroxidation in 
conjunction with enzyme activity, for example in addition to conditions such as 
atherosclerosis and diabetes, other conditions such as rheumatoid arthritis stroke 
inflammatory conditions of the brain such as Alzheimer's Disease, myocardial infarction 
reperfuston injury, sepsis, and acute and chronic inflammation. Further such conditions ' 
include various neuropsychiatry disorders such as schizophrenia. 

Further applications include any disorder that involves activated monocytes 
macrophages or lymphocytes, as all of these cell types express L P -PLA„ Examples of 
such disorders include psoriasis. 

Accordingly, in a further aspect, the present invention provides for a method of 
treating a disease state associated with activity of the enzyme Lp-PLA, which method 
involves treating a patient in need thereof with a therapeutically effective amount of an 
inhibitor of the enzyme. The disease state may be associated with the increased 
mvolvement of monocytes, macrophages or lymphocytes: with the formation of 
^phosphatidylcholine and oxidised free fatty acids: with lipid peroxidat.on in 
conjunction with Lp PLA2 acuvity: or with endothelial dysfunction. 
25 Compounds of the present invention may also be of use in treating the above 

menuoned disease states in combination with anti-hyperlipidaemic or anti-atherosclerotic 
or anti-diabetic or anti-anginal or anti-inflammatory or anti-hypertension agents. 
Examples of the above include cholesterol synthesis inhibitors such as statins, anti- 
oxidants such as probucol. insulin sensitisers. calcium channel antagonists, and anti- 
30 inflammatory drugs such as NSAIDs. 

In therapeutic use. the compounds of the present invention are usually 
administered in a standard pharmaceutical composition. The present mvention therefore 
provides ,n a further aspect pharmaceutical compositions comprising a compound of 
structure (I) or a pharmaceutical^ acceptable salt thereof and a pharmaceutical^ 
35 acceptable carrier. 
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The compounds of structure (1) and their pharmaceutically acceptable salts which 
are active when given orally can be formulated as liquids, for example syrups, 
suspensions or emulsions, tablets, capsules and lozenges. 

A liquid formulation will generally consist of a suspension or solution of the 
compound or pharmaceutically acceptable salt in a suitable liquid camer(s) for example, 
ethanol. glycerine, non-aqueous solvent, for example polyethylene glycol, oils, or water 
with a suspending agent, preservative, flavouring or colouring agent. 

A composition in the form of a tablet can be prepared using any suitable 
pharmaceutical carrier(s) routinely used for preparing solid formulations. Examples of 
such carriers include magnesium stearate. starch, lactose, sucrose and cellulose. 

A composition in the form of a capsule can be prepared using routine 
encapsulation procedures. For example, pellets containing the active ingredient can be 
prepared using standard earners and then filled into a hard gelatin capsule: alternatively, 
a dispersion or suspension can be prepared using any suitable pharmaceutical carriers), 
for example aqueous gums, celluloses, silicates or oils and the dispersion or suspension 
then filled into a soft gelatin capsule. 

Typical parenteral compositions consist of a solution or suspension of the 
compound or pharmaceutically acceptable salt in a sterile aqueous carrier or parenterally 
acceptable oil. for example polyethylene glycol, polyvinyl pyrrolidone. lecithin, arachis 
oil or sesame oil. Alternatively, the solution can be lyophilised and then reconstituted 
with a suitable solvent just prior to administration. 

A typical suppository formulation comprises a compound of formula (I) or a 
pharmaceutically acceptable salt thereof which is active when administered in this way, 
with a binding and/or lubricating agent such as polymeric glycols, gelatins or cocoa buner 
or other low melting vegetable or synthetic waxes or fats. 

Preferably the composition is in unit dose form such as a tablet or capsule. 
Each dosage unit for oral administration contains preferably from 1 to 250 mg 
(and for parenteral administration contains preferably from 0. 1 to 25 mg) of a compound 
of the formula (I) or a pharmaceutically acceptable salt thereof calculated as the free base. 

The daily dosage regimen for an adult patient may be. for example, an oral dose of 
between 1 mg and 500 mg, preferably between 1 mg and 250 mg, or an intravenous, 
subcutaneous, or intramuscular dose of between 0.1 mg and 100 mg, preferably between 
0.1 mg and 25 mg, of the compound of the formula (I) or a pharmaceutically acceptable 
salt thereof calculated as the free base, the compound being administered 1 to 4 times per 
day. Suitably the compounds will be administered for a period of continuous therapy, for 
example for a week or more. 
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The following examples serve to illustrate the i 



invention. 
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Unless otherwise stated all compounds have the 3R. 5R. A 2 .gZ stereochemistry'. 
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O 

Example 1: R2 - 0(CH 2 ) 6 -(4- F)Ph. R> = OH 
6-(4-Fluorophenyl)hexyl clavulanate 

(a) 6-(4-Fluorophenyl)hexyl bromide 
6-Bromohexanoyl chloride f 125 g , O.585mol) was added over 5 minutes to a 

suspension of aluminium chloride (71.6 g, 0.537mol) in CH 2 C1 2 (1000ml) whilst keeping 
the temperature at 20-25°C. The mixture was treated.with fluorobenzene (46.5 g, 
0.484mol) dropwise over 1 0 minutes. After stirring at room temperature for 1 9 hours, 
triethylsilane < 1 39.4 g, 1 .2mol i was added over 1 0 minutes keeping the temperature 
below 35°C. The mixture was stirred at room temperature for 60 minutes then poured into, 
ice water ( 1 1), extracted with diethyl ether ( 1 .51). The organic layer was washed with 
water (x5), brine (x2). dried (MgS0 4 ) and evaporated in vacuo. The residue was distilled 
under reduced pressure to give a clear oil ( 1 1 1 .9 g), boiling point 1 1 6-1 26°C/0. 1 mbar. 
Purification by column chromatography on silica gel using hexane as eluant gave the 
product as a colourless oil (99.8 g, 80%). 

(b) 6-(4-Fluorophenyl)hexyl clavulanate. 

A mixture of 6-(4-fluorophenyl)hexyl bromide ( 1 .56 g, 6mmol) and potassium 
20 clavulanate (0.95 g. 6mmol) in dimethylformamide (DMF. 60ml) was stirred at room 

temperature for 18 hours. The mixture was evaporated, to dryness and partioned between 
ethyl acetate (100ml) and water (50ml). The organic layer was separated, washed with 
bnne (x2), dried (MgS0 4 ) and evaporated to an oil which was purified by column 
chromatography on silica gel using 2: 1 hexane/ethyl acetate as the eiuting solvents, 
25 yielding the product as a yellow oil (0.7 g, 46%). 
Found: C. 63.3: H. 6.4; N. 3.6% 
C 2 oH 2 4FN0 5 requires: C. 63.7: H. 6.4 ; N, 3.7% 

The following compounds. Examples 2-39. were prepared as above using the appropriate 
30 benzyl bromide or alkyl bromide or iodide which was commercially available or prepared by 
the method described above. 
Example 2: R2 =QCH 3 ,Rl = OH 
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Methyl clavulanate. Yield = 83%. pale yellow oil. 
Found: C. 50.5: H. 5.2: N. 6.5% 
C 9 H, ,N0 5 requires: C. 50.7; H. 5.2: N. 6.6% 
Example 3: R-= OC 6 H 13 . R 1 = OH 
n-Hexyl clavulanate. Yield = 68%. yellow oil. 
Found: C. 59.2; H. 7.5: N. 5.1% 
C| 4 H 2 ,N0 5 requires: C. 59.4: H, 7.5; N. 4.9% 
Examples R 2 = OC 18 H 37 . Rl = OH 

n-Octadecyl clavulanate. Yield = 3.5%. cream solid, m.p 7?-74°C 
Found: C. 69.0: H, 10.0; N, 3.3% 
C 26 H 45 N0 5 requires: C. 69.1: H. 10.0; N, 3.1% 
Example 5: r-= OCH 2 Ph. Rl = OH 
Benzyl clavulanate. Yield = 70%. Yellow oil. 
Found: C. 61.5: H. 5.3: N. 5.0% 
Ci 5 H )5 NO 5 (0.2H 2 0) requires: C. 61.5; H. 5.3; N. 4.8% 
Example 6: r2= OCH 2 -(4-N0 2 )Ph. R 1 = OH 

4-Nitrobenzyl clavulanate. Yield = 60%, yellow solid, m.p. 1 14-1 15°C 
Found: C, 53.7; H. 4.2; N, 8.3% 
C I5 H 14 N 2 0 7 requires: C. 53.9; H, 4.2; N, 8.4% 
Example 7: R2= OCH 2 -(4-Cl)Ph, Rl = OH 

4-Chlorobenzyl clavulanate. Yield = 68.7%, colourless solid, m.p. 94X 
Found: C. 55.8: H. 4.3: N. 4.4: CI. 10.8% 
C 15 H 14 C1N0 5 requires: C. 55.7: H. 4.4; N, 4.3; CI. 1 1.0% 
Example 8: R2= OCH 2 -(4-CH3)Ph. R 1 = OH 

4-Methylbenzvl clavulanate. Yield = 38%. colourless solid, m.p 71-75°C 
Found: C. 63.4; H. 5.7; N. 4.6% 
C I6H 17 N0 5 requires: C 63.4; H. 5.6: N, 4.6% 
Example 9: R2= OCH 2 -(4-Br)Ph, Rl = OH 

4-Bromobenzyl clavulanate. Yield = 56%. colourless solid, m.p. 1 07-1 08»C 
Found: C. 48.9; H, 3.9; N. 3.9: Br. 22.1% 
C 15 H 14 BrNO ; requires: C. 48.9: H. 3.8: N. 3.8: Br. 2 1 .7% 
Example 10: R2= OCH 2 -(4-OCH 3 )Ph. Rl = OH 
4-Methoxybenzyl clavulanate. Yield = 23%. yellow oil. 
Found: C. 59.9; H, 5.4: N. 4.3% 
35 c 16 H nN0 6 requires: C. 60.2; H. 5.4; N. 4.4% 

Example 11: r2= OCH 2 -(4-(CH 3 ) 3 )Ph. Rl = OH 
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4-ten-Butylbenzyl clavulanate. Yield = 41%. yellow oil. 
Found: C. 66.0: H, 6.8: N. 3.8% 

C 19 H 2 iN0 5 requires: C. 66.1: H. 6.7: N. 4.1% 
Example 12: r2= OCH 2 -(4-Ph)Ph. Rl = OH 
5 4-Biphenylmethyl clavulanate. Yield = 63%. yellow oil. 
Found: C. 68.4; H. 5.2: N. 4.1% 

C 2 iHi 9 NO 5 f0.2H : O) requires: C. 68.3; H. 5.3: N, 3.8% 
Example 1 3 : R2= QCH 2 - 1 -Naphthyl, R 1 = OH 
(l-Naphthyl)methyl clavulanate. Yield = 70%, yellow oil. 
10 Found: C. 66,9: H. 5.1: N. 3.9% 

C 19 H )7 N0 5 requires: C, 67.3. H. 5.1: N, 4.1% 

Example 14: r2= OCH 2 -(4-OH. 3.5-di-tert-butyl)Ph. R' = OH 

3.5- Di-t-butyl-4-hydroxybenzyl clavulanate. Yield = 2.6%. foam. 
Found: C. 66.0: H. 7.6: N. 3.4% 

15 C 23 H 3) N0 6 requires: C. 66.2: H. 7.5: N. 3.4% 
Example 15: R2= OCH 2 -(2.4-diCl)Ph. Rl = OH 

2.4- Dichlorobenzyl clavulanate. Yield = 32%. colourless solid, m p 73-74°C 
«HNMR-(CDCI 3 ) 8 3.09(d,J=16.7Hz. 1H, 6f3-H). 6 3.50 (dd. J=2.6. 16.7Hz. 1H 6a-H) 
5 4.22 (m, 2H. 9,9'-H). 8 4.92 (t, J=7.0Hz, 1H. 8-H). 5 5.10 (d, J=0.96Hz. 1H.3-H) 
8 5.26-5.28 (2xd. J=12.8Hz, 2H. CH 2 Ar), 5 5.70 (d, J=2.6Hz. 1H. 5-H). 6 7.29 
(m, 2H. Ar-H). 5 7.44 (d, J=2.0Hz. 1 H. Ar-H). 

Example 16: R2= 0CH 2 -(2.6-diCl)Ph. Rl =OH 

2.6- Dichlorobenzyl clavulanate. Yield = 46%. colourless solid, m.p. 1 M°C. 
Found: C. 50.2; H. 3.7: N. 3.9: CI, 20.0% 

25 C 15 H 13 C1 2 N0< requires: C. 50.3: H. 3.7; N. 3.9: CI. 19.8% 
Example 17: R2= OCH 2 -(2.5-diCl)Ph. Rl =OH 

2.5- Dichlorobenzy 1 clavulanate. Yield 7.5%. colourless solid, m.p. 1 1 0°C. 
Found: C. 50.3: H. 3.8: N, 4.0: CI. 1 9.5% 

C 15 H 13 C1 2 N05 requires: C. 50.3: H, 3.7; N, 3.9: CI. 19.8 % 
30 Example 18: R2= OCH 2 -(2.4-diCl)Ph. Rl = OH 

2,4-Dichlorobenzyl clavulanate. Yield = 40%. colourless solid, m.p. 6 1 -62°C. 

Found: C. 50.3: H. 3.8: N. 3.9% 

C 15 H !3 C1 2 N0 5 requires: C 50.3; H, 3.7; N, 3.9% 

Example 19: R2= OCH 2 -(2.3-diCl)Ph. Rl = OH 
35 2.3-Dichlorobenzyl clavulanate. Yield = 26%. colourless solid, m.p. 71 °C. 

Found: C. 50.4: H. 3.8: N, 3.9% 
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C 15 H,3C1 2 N05 requires: C. 50.3: H. 3.7: N. 3.9% 
Example 20: R2= 0(CH 2 ) 5 CO-(4-Cl)Ph. Rl = OH 

6-(4-Chlorophenyl)-5-oxo-hexyl clavulanate. Yield = 33%. yellow oil. 

Found: C. 58.1: H. 5.5: N. 3.3: CI. 9.9% 
5 C 20 H22ClNO 6 (0.08CH 2 Cl 2 ) requires: C. 58.2: H. 5.4: N. 3.4: CI. 9.9% 

Example 21: R2= OCH(CH 3 )Ph. Rl = OH 

R.S-1-Phenylethy! clavulanate. Yield = 47%. pale yellow oil. 

Found: C, 63.1: H. 5.7: N. 4.6% 

C )6 H, 7 N0 5 requires: C. 63.4: H. 5.7; N. 4.6% 
1 0 Example 22: R2= 0(CH 2 ) 3 Ph. R ' = OH 

3-Phenylpropyl clavulanate. Yield = 56%. colourless oil. 

Found: C. 64.5: H, 6.1; N. 4.6% 

C )7 H, 9 N0 5 requires: C. 64.3; H. 6.0: N. 4.4% 

Example 23: R2= 0(CH 2 ) 8 Ph. Rl = OH 
15 8-Phenyloctyl clavulanate. Yield = 32%. colourless oil. 

Found: C. 68.4; H, 7.5; N. 3.6 % 

C 22 H 29 N0 5 requires: C. 68.2; H. 7.5; N, 3.6% 

Example 24: R2= 0(CH 2 ) 6 -(4-Br)Ph, R* = OH 

6-(4-Bromophenyl)hexyl clavulanate. Yield = 43%, yellow oil. 
20 Found: C, 54.8; H, 5.5; N, 3.5; Br. 18.5% 

C 20 H 24 BrNO 5 requires: C. 54.8; H. 5.5; N, 3.2; Br. 1 8.2% 

Example 25: R2= 0(CH 2 ) 6 Ph, Rl = OH 

6-Phenylhexyl clavulanate. Yield = 51%. yellow oil. 

Found: C. 66.7: H. 7.0: N. 3.9% 
25 C 20 H 25 NO 5 requires: C. 66.8: H. 7.0: N. 3.9% 

Example 26: R2= 0(CH 2 ) 6 -(4-Cl)Ph, Rl = OH 

6-(4-Chlorophenyl)hexyl clavulanate. Yield = 39%, yellow oil. 

Found; C, 59.4; H, 6.1; N, 3.2% 

C 20 H 24 ClNO ; (O.5H 2 O) requires: C, 59.2; H, 6.2; N, 3.5% 
30 Example 27: r2= 0(CH 2 ) 6 -(4-C 4 H 9 )Ph, R' = OH 

6-(4-n-Butylphenyl)hexyl clavulanate. Yield = 33%. yellow oil. 

Found: C, 68.9: H, 7.9: N. 3.5% 

C74H33NO5 requires: C, 69.4; H. 8.0: N, 3.4% 

Example 28: R 2 = 0(CH 2 ) 6 -(2.4-diCI)Ph. Rl = OH 
35 6-(2,4-Dichlorophenyi)hexyl clavulanate. Yield = 30%. yellow oil. 

Found: C, 56.0: H. 5.5: N. 3.4; CI. 16.1% 
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C 2 oH23Cl 2 N0 5 (0.083EtOAc) requires: C. 56.1; H. 5.5: N. 3.2; CI. 16.3% 
Example 29: R2= 0(CH 2 ) 6 -(2.4-diCH 3 )Ph. R 1 = OH 
6-(2,4-Dimethylphenyl)hexyl clavulanate. Yield = 23%. yellow oil. 
Found: C. 68.2; H, 7.5: N. 3.5% 
5 C 22 H 29 N0 5 requires: C. 68.2: H. 7.5; N, 3.6% 

Example 30: R2= 0(CH 2 ) 5 -(2.4-diCl)Ph. R' = OH 

5- (2.4-Dichlorophenyl)pentyl clavulanate. Yield = 1 8%. pale yellow solid, 
m.p. 61-62°C 

Found: C 55.2; H. 5. 1 : N, 3.4; CI. 1 6.7% 
10 C l9 H 2 ,Cl2NO 5 (0.02C 6 H, 4 ) requires: C, 55.2; H. 5.2; N, 3.4; CI, 17.1% 

Example 31: R 2 = 0(CH 2 ) 4 -(4-CH 3 )Ph. Rl = OH 

4-(4-Methylphenyl)butyl' clavulanate. Yield = 47%. pale yellow oil. 

Found: C. 65.8: H. 6.7: N. 3.9% 

C19H23NO5 requires: C. 66, 1 : H. 6.7; N. 4. 1% 
15 Example 32: R2=0(CH 2 )4-(4-OCH 3 )Ph. Rl = OH 

6- (4-Methoxyphenyl)butyl clavulanate. Yield = 57%. yellow oil. 
Found: C, 62.9; H. 6.4; N. 3.7% 

C 19 H 2 3N0 6 requires: C, 63.2; H. 6.4; N, 3.9% 
Example 33: R2= 0(CH 2 ) 4 -(4-Ph)Ph, R 1 = OH 
20 4-(4-Biphenyl)butyl clavulanate. Yield = 56%, colourless solid, m.p. 86-88°C. 
Found: C. 70.5; H, 6.2; N, 3.5% 
C 24 H 25 N0 5 requires: C.70.8; H. 6.2; N, 3.4% 
Example 34: R2= 0(CH 2 ) 6 -{4-OH)Ph. Rl = OH 

6-(4-Hydroxyphenyl)hexyl clavulanate. Yield = 2.8%. colourless solid, m.p. 62-63°C. 
25 Found: C. 63.8: H. 6.5: N. 3.8% 

C 20 H 25 NO 6 requires: C. 64.0: H. 6.7: N. 3.7% 

Example 35: R 2 = OrCH 2 ) 6 -(4-OCH 3 )Ph. R> = OH 

6-(4-Methoxyphenyl)hexyl clavulanate. Yield = 1 7%. yellow oil 

Found: C. 64.6; H, 7.1; N. 3.6% 
30 C 21 H 2 7N0 6 requires: C. 64.8; H, 7.0; N. 3.6% 

Examle 36: r2= 0(CH 2 ) 6 S-(4-OH)Ph, R 1 = OH 

6-(4-Hydroxyphenyl)thiohexyl clavulanate 
(a) 6-Bromohexyl clavulanate 

A mixture of 1.6-dibromohexane (15.37 g, 63mmol) and potassium clavulanate 
35 (3 g, 1 2.6mmol) in DMF ( 1 00ml) was stirred at room temperature for 20 hours. The 

mixture was evaporated in vacuo and partioned between ethyl acetate (50ml) and water 
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(50ml). The organic layer was separated, washed with water, brine, dried (MgS0 4 ) and 
evaporated to an. oil. which was purified by column chromatography on silica gel using 
1 1 pet ether/ethyl acetate as the eluting solvents, yielding the product as a vellow oil (3 8 
g, 83%). " ' K 

(b) 6-(4-Hydroxyphenyl)thiohexyi clavulanate. 

A mixture of 6-bromohexy] clavulanate ( 1 g, 2.8mmol). 4-hydroxyihiophenol 
(0.35g r 2.8mmol) and potassium carbonate (0.4 g. 2.8mmol) was stirred in acetone (50ml) 
for 20 hours, filtered and evaporated to a brown oil. The oil was purified bv column 
chromatography on silia gel using 1 : 1 pet ether/ethyl acetate as the eluting solvents, 
yielding the product as a colourless oil (0. 1 36 g, 12%). 
Found: C, 58.5; H. 6.4; N, 3.2% 

C 20 H 25 NO 6 S(0.09H 2 O) requires: C. 58.9; H. 6.2; N. 3.4% 
Example 37: R 2 = 0(CH 2 ) 5 S-(4-OH.3.5-di.tert-butyl)Ph. Rl = OH 
5-(4-Hydroxy-3.5-di-ten-buty]phenylthio)pentyl clavulanate 
15 (a) 5-Bromopentyl clavulanate 

A mixture of 1 .5-dibromopentane (28.73 g, 0.125 mol) and potassium clavulanate 
(6 g, 0.025 mol) in DMF (200ml) was stirred at room temperature for 20 hours. The 
mixture was evaporated in vacuo and partitioned between ethyl acetate ( 1 00ml) and water 
(100ml). The organic layer was separated, washed with water, brine, dried (MgS0 4 ) and 
evaporated to an oil, which was purified by column chromatography on silica gel using 
1 : 1 pet ether/ethyl acetate as the eluting solvents, yielding the product as a vellow oil 
(5.92 g, 68%). 

(b) 5-(4-Hydroxy-3.5-di-tert-butylphenylthio)pentyl clavulanate 

A mixture of 5-bromopentyl clavulanate (0.69 g. 2mmol). 4-hydroxv-3.5-di-tert- 
butylthiophenol <0.95g. 4mmol) and potassium carbonate (0.27 g. 2mmol) was stirred in 
acetone (50ml) for 20 hours, filtered and evaporated to an oil. The oil was purified by 
column chromatography on silica gel using 1 :1 pet ether/ethyl acetate as the eluting 
solvents, yielding the product as a yellow oil (0.70 g, 69%). 
Found: C. 63.8: H, 7.9; N. 2.4:. S. 6.0% 
C 27 H 39 N0 6 S requires: C. 64. 1 : H. 7.8: N. 2.8; S. 6.3% 
Example 38: R2= 0(CH 2 ) 5 SPh. Rl = OH 
5-Phenylthiopentyl clavulanate 

A mixture of 5-bromopentyl clavulanate (Example 37a)(1.0 g, 2.8 mmol), 
thiophenoi (0.35 g. 3.2mmol) and potassium carbonate (0.4 g, 2.8mmol) was stirred in 
acetone (50ml ) for 20 hours, filtered and evaporated to a brown oil. The oil was purified 
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by column chromatography on silica gel using pet ether/ethyl acetate as the eluting 

solvents, yielding the product as a yellow oil (0.44 g r 40%). 

Found: C. 60.3; H. 6.2: N. 3.8% 

C 19 H 23 N0 5 S requires: C. 60.5: H.6.1: N. 3.7% 

Example 39: R2= OCH(C 5 H,,)Ph. Rl = OH 

(RS)-2-Phenylhexyl (3R.5R)-clavulanate. 

Examples 40-49 were prepared following the general procedures in J. Chem. Soc. Perkin 
Trans 1 1984. pp 635-650. 

Example 40: R2= NH(CH 2 ) 6 Ph. R 1 = OH 
N-6-PhenyIhexyl clavulanamide 

(a) Phenylhexyl iodide 

Phenylhexyl bromide (82g. 0.34mol) and sodium iodide (157 g. 1.05mol) were 
stirred together in acetone ( 800ml ) for 20 hours. The reaction mixture was evaporated to 
dryness and the residue was extracted with hexane. filtered and the filtrate was evaporated 
to dryness to yield the product as a pale yellow oil (97.9 g, 99%). 

(b) Phenylhexyl phthalimide 

Phenylhexyl iodide (25 g. 0.087mol) was dissolved in dry DMF (125ml) and 
potassium phthalimide (32.9 g, 0. 1 78mol) was added and the mixture stirred at 100°C for 
20 hours. Mixture was evaporated and the residue was treated with water (150ml) and 
washed with ethyl acetate (150ml, 100ml). The organic extracts were combined, washed 
with brine, dried (MgS0 4 ) and evaporated to a yellow solid which was purified by 
column chromatography on silica gel using 3:1 pet ether/ethyl acetate as the eluting 
solvents, yielding the product as a colourless oil which solidifies on standine P3 7 e 
88.7%) ' *' 

m.p. 56-57°C. 

(c) Phenylhexylamine 

Phenylhexyl phthalimide (27.1 lg, 0.088mol) was dissolved in ethanol (750ml) 
and hydrazine monohydrate (12.9ml. 0.256mol) was added and the mixture was stirred at 
reflux for 19 hours. The reaction was filtered, evaporated to dryness and azeotroped with 
water (x2) and ethanol. Residue was mixed with diethyl ether, the solid was removed by 
filtration and the filtrate was evaporated to a yellow oil ( 1 0.3g). The soiid was stirred 
with 2NNaOH (200ml) and ethyl acetate (200ml) and the mixture was filtered and the 
organic layer washed with brine, dried (MgS0 4 ) and evaporated to a yellow oil (6.2 g). 
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The wo oils were combined and distilled in three batches using a Kugelrohr apparatus at 
155°C/0.15mbar to give the product as a colourless oil (13.45 g , 86%). 
(d) N-6-Phenylhexyi clavulanamide 

A solution of benzy l clavulanate (4.26 g. 0.0147mol) in dry tetrahydrofuran (THF) 
(50ml ) was hydogenated over 1 0% palladium on carbon ( 1 . 1 g) for 5 minutes at 25°C at 
20psi. The catalyst was filtered off and the filtrate and solutions of dicyclohexylcarbodi- 
imide (DCC) (2.53 g. 0.01226mol) in dry CH 2 C1 2 (1 75ml) and 6-phenylhexylamine 
(2.07 g. 0.01 1 7mol) in dry CH 2 C1 2 (175ml) were mixed together quickly. The mixture 
was evaporated to near dryness and CH 2 C1 2 (175ml) was added. After stirring for 1 hour 
at room temperature the suspension was cooled, filtered and the filtrate evaporated to 
dryness. The residue was purified by column chromatography on silica gel using 2:1 
ethyl acetate/hexane as the eluting solvents, yielding the crude product a^ a colourless 
solid (3.33 g. 80%). 1 .03 g was further purified by chromatography and recrystallisation 
from diethyl ether to give an analytical sample as a colourless solid (0.24 e) m p 97-98° 
15 C. " 

Found: C. 67.0: H. 7.1: N. 8.0% 
c 20 H 26 N 2O4 requires: C. 67.0; H.7.3; N, 7.8% 
Example 41: R2= NH(CH 2 ) 6 -(4-F)Ph, Rl = OH 

N-6-(4-Fluorophenyl)hexyl clavulanamide. Yield = 14.8% . cream solid. 
20 m.p. 106°C. 

Found: C. 63.8; H, 6.6; N, 7.5% 
C 20 H 25 FN 2 O 4 requires: C, 63.8; H, 6.7; N. 7.4% 
Example 42: R2= N(CH 3 )(CH 2 ) 6 -(4-F)Ph. Rl = OH 
N-Methyl-6-(4-fluorophenyl)hexyl clavulanamide 
25 (a) N-Methyl-N-6-(4-fluorophenyl)hexylamine 

6-(4-Fluorophenyl)hexyl bromide (5 g, 0.01 93moh was stirred at reflux in 33% 
methylamine in ethanol (100ml) for 1.5h. The mixture was evaporated to dryness and the 
residue was stirred with ether and the white solid was collected by filtration (5.14 g), 
dissolved in IN NaOH (100ml) and extracted with diethyl ether (2x75ml). The organic 
extracts were combined, washed with brine (75ml). dried (MgS0 4 ) and evaporated to 
give the product as a light brown oil (3.98 g, 99%). 
(b) N-Methyl-6-(4-fluorophenyi)hexyl clavulanamide 

Clavulanic acid (derived from benzyl calvulanate (5.18 g, 0.0179mol)as described 
in Example 40d) and N-methyl N-6-(4-fluorophenyl)hexylamine (3g, 0.0143mol) were 
35 reacted with DCC (3.07 g. 0.01 49 mol) as described in Example 40d. Repeated column 
chromatography on silica gel using 2:1 ethyl acetate/hexane-ethyl acetate as the eluting 
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solvents yielded the product as a pale yellow oil (3.62g. 52%). A small sample was 
further purified for analysis. 
Found: C. 64.3: H. 7.1 : N. 6.7% 

C 2 ,H 27 FN 2 O 4 (0.045EtOAc. 0.053Et 2 O) requires: C. 64.5: H. 7.1; N. 7.0% 
Example 43: R 2 = N(CH 3 )(CH 2 ) 6 - (4-C 4 H 9 )Ph. R» = OH 
N-Methyl-6-(4-n-butylphenyl)hexyl clavulanamide. Yield = 1 5%. colourless oil. 
Found: C. 69.7: H. 8.3: N. 6.4% 
C 25 H 36N204 requires: C. 70. 1 ; H. 8.5: N. 6.5% 
Example 44: R2= N(CH 3 )CH 2 Ph. Rl = OH 
N-Methyl benzyl clavulanamide. Yield = 12%. foam. 
Found: C. 63.8; H. 6.1; N. 9.4% 
c 16HigN 2 0 4 requires: C. 63.6: H. 6.0: N, 9.3% 
Example 45: R2= NH(CH 2 ) 4 Ph. R' = OH 

N-4-Phenylbutyl clavulanamide. Yield = 17%. colourless solid, m.p. 74-76°C. 
15 Found: C. 65.4; H. 6.6: N. 8.4% 

C 18 H 22 N 2 0 4 requires: C. 65.4: H. 6.7; N, 8.5% 
Example 46: R2= NHCH 2 Ph. R> = OH 

N-Benzyl clavulanamide. Yield = 14%, colourless solid, m.p. 140-142°C. 
Found: C. 62.2; H. 5.6; N. 9.8% 
20 C 15H| 6 N 2 0 4 requires: C. 62.5: H. 5.6; N, 9.7% 

Example 47: R2=NHO(CH 2 ) 6 -(4-C 4 H 9 )Ph,Rl = OH 
N-6-(4-n-Butylphenyl)hexyloxy clavulanamide 

(a) 6-(4-n-Butylphenyl)hexyloxy phthalimide 

6-(4-n-Butylphenyl)hexyl bromide (2 g. 0.00673mol) and N-hydroxyphthalimide 
25 fl . 1 g, 0.00674moi ) and triethy lamine ( 1 .4ml. 0.0 1 mol ) were mixed together in DMF 
(25ml) and stirred at 100°C for 6.5 hours. The mixture was evaporated to dryness and 
partitioned between water (50ml), brine (50ml) and ethyl acetate (75ml). The organic 
layer was separated and washed with 10% Na 2 C0 3 , brine (x2), dried (MgS0 4 ) and 
evaporated to a brown oil which was purified by column chromatography on silica gel 
30 using 1 : 1 CH 2 Cl 2 /hexane as the eluting solvents, yielding the product as a colourless 
solid (1 .89 g. 74%) m.p. 36-39°C. 

(b) 6-(4-n-Butylphenyl)hexyloxyamine 

6-(4-n-Butylphenyl)hexyloxy phthalimide (1 .83 g, 0.00482mol) was dissolved in 
glacial acetic acid (5ml) and 60%HBr (7ml) was added. The mixture was stirred at reflux 
35 for 10 minutes, cooled and diluted with IN NaOH (100ml) and extracted with ethyl 
acetate (2x75ml). The organic extracts were combined, washed with brine, dried 
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(MgS0 4 ) and evaporated to a brown oil which was purified by column chromatography 
on silica gel using 15:1 CH 2 CI 2 /methanol as the eluting solvents vieldine the product as 
an oil (0.94 g r 78%) . * 

(c) N-6-(4-n-Butylphenyl)hexyloxy clavulanamide 

A solution of benzyl clavulanate 0.2 g, 0.004 15mol) in dry THF (35ml) was 
hydrogenated over 10% palladium on carbon (0.36 g) for 20 minutes at 25°C at 40psi 
The catalyst was filtered off and the filtrate and solutions of DCC (0.84 g, 0.00407mol) in 
dry CH 2 C1 2 (100ml) and 6-(4-n-butylphenyl)hexyloxyarnine (0.9 g, 0.00361mol) in dry 
CH 2 C1 2 (100ml) were mixed quickly together. The mixture was evaporated to near 
dryness and CH 2 C1 2 ( 1 00ml) was added. After stirring for 90 minutes at room 
temperature the suspension was filtered and the filtrate evaporated to dryness. 
Purification by repeat column chromatography on silica gel eluting with ethyl 
acetate/hexane and recrystallisation from ethyl acetate/hexane yielded the product as a 
white solid (0.29 g. 18.7%) m .p. 91-92°C. 
15 Found: C. 66.8; H. 7.7; N. 6.5% 

C 24 H 34 N 2 0 5 requires: C. 67.6; H. 8.0; N. 6.5% 
Example 48: R2= NHOCH 2 Ph. R 1 = OH 

N-Benzyloxy clavulanamide. Yield = 13.3%. colurless solid, m.p.l33-134°C 
Found: C. 59.1; H, 5.3; N, 9.2% 
20 C, 5 H, 6 N 2 0 5 requires: C 59.2; H. 5.3; N, 9.2% 
Example 49: R2= NHO(CH 2 ) 5 Ph. Rl=OH 

N-5-Phenylpentyloxy clavulanamide. Yield(crude) = 62%. colourless solid. 

A sample was further purified for analysis. Colourless solid, m.p. 78-80°C. 

Found: C 63.3; H. 6.6: N.7.8% 
25 C 19 H 24 N 2 0 5 requires: C. 63.3; H. 6.7: N. 7.8% 

Example 50: R2= NH-(4-CH 3 )Ph. R 1 = OH 

N-4-Tolyl clavulanamide 

Solutions of potassium clavulanate (3 g, 0.0126mol) in water (19ml), p-toluidine 

hydrochloride ( 1 .5 g, 0.01 04mol) in water (1 9ml) and 1 -cyclohexvl-3-(2- 
30 morpholinoethyl)-N-methylcarbodi-imidinium toluene-p-sulphonate (3.93 g 0 00928mol) 

m dioxane-water (19ml:38ml) were mixed at 0»C with stirring. After stirring for 80 

minutes at 0-2°C. the precipitated toluamide was collected by filtration. The solid was 

recrystallised from ethyl acetate yielding the product as a white solid (0 47 g 15 7%) 

m.p. 198-200°C. 
35 Found: C. 62.4: H. 5.6; N, 9.9% 

c 15Hi 6 N 2 0 4 requires: C, 62.5: H. 5.6: N. 9.7% 
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Example 51: R2= NHCH 2 COPh. R 1 = OH 
N-Benzoyimethyl clavulanamide 

Benzyl clavulanate (4.8 g. 0.0166mol) in dry THF (75ml) was hydrogenated over 
10% palladium on carbon (1.2 g) for 15 minutes at 25°C at 40psi. The catalyst was 
removed by filtration and washed with THF (75ml) and the filtrate was cooled to 
-50°C under nitrogen and treated with pyridine ( 1 .45ml. 0.0179mol) and isobutyl 
chloroformate (2.4ml. 0.01 85mol). The reaction was stirred at -50 to -30°C for 40 minutes 
and then cooled to -40°C and N.N-diisopropylethylamine (3.1ml. 0.0178mol) was added. 
a-Aminoacetophenone hydrochloride (5.7 g, 0.0332mol) was added as a solid over 35 
minutes and the reaction was stirred at -30°C for 90 minutes and poured into water 
(200ml) and extracted with ethyl acetate (200ml. 2x1 00ml). The organic extracts were 
combined, washed with IN HC1. brine (x2). dried (MgS0 4 ) and evaporated to an orange 
solid which was dissolved in CH 2 C1 2 (50ml) and purified on a short silica gel column eluting 
with CH 2 C1 2 (50ml) and ethyl acetate (50ml). The filtrate was evaporated to dryness and the 
residue was mixed with hexane and the resulting cream solid was collected (1 .19 g, 23%). 
lOOmg was further purified by column chromatography on silica gel eluting with eihyl 
acetate and recrystallisation from ethyl acetate to give an analytical sample, colourless solid 
m.p.l64-165°C (32mg). 
Found: C 60.0: H. 5. 1 : N. 8.8% 

C l6 H 16 N 2 O 5 (0.18H 2 O. 0.014EtOAc) requires: C. 60.1: H. 5.2: N, 8.7% 
Example 52: R 2 = OCH 3 . R' = OH 
Methyl (3R. 5R. E) clavulanate 
Example 53: R2= 0(CH 2 ) 6 Ph. Rl = OCOCH 3 
6-Phenylhexyl O-acetylclavulanate 
5 6-Phenylhexyl clavulanate (0.94 g, 2.6mmol) was dissolved in dry 

dichloromethane (CH 2 C1 2 ) (20ml). The solution was cooled to -30°C and treated with 
pyridine (0.21 g, 27mmol) followed by the dropwise addition of acetyl chloride (0.21 g, 
27mmol) in CH 2 C1 2 (20ml). Stirring was continued at -30°C for 60 minutes and the 
reaction mixture was poured into IN HC1 (25ml). extracted with CH 2 C1 2 (15ml) and the 
0 combined organic layers were washed with brine, dried (MgS0 4 ) and evaporated to a 
yellow oil. which was purified by column chromatography on silica gel using 2:1 pet 
ether/ethyl acetate as the eluting solvents, yielding the product as a colourless oil 
(0.40 g ; 38%). 

Found: C. 65.7: H, 6.7: N. 3.6% 
5 C 22H 27 N0 6 requires: C. 65.8: H. 6.8: N. 3.5% 
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i°r compounds - Exampies 54 - 95 - — ~ - ab - - 1— 

Example 54: R 2= OCH 2 -(4-NO-,)Ph. Rl = OCO-(4-Ph)Ph 
ITl c ■ (4 - b,phenykarb0ny,)c,avul — Yield = 52o/ 0 . pale yellow solid 

Found: C. 65. 1 ; H. 4.5: N. 5.6% 
C 28 H 22 N 2 0 8 requires: C. 65.4; H, 4.3; N. 5.4% 
Example 55: R2= 0(CH 2 ) 6 -(4-Br)Ph. Rl = OCOCH 3 
6-(4-Bromophenyl)hexyl O-acetylclavulanate. Yield = 83%. yellow oil 
Found: C. 54.7; H, 5.5; N. 3.2; Br. 16.9% 
C 22 H 26 BrN0 6 requires: C. 55.0: H. 5.5; N. 2.9: Br. 16 6% 
Example 56: R2= 0(CH 2 ) 6 -(4-Br)Ph. Rl = OCO-(4-Ph)Ph 
6-(4-Bromophenyl)hexyl 0-(4-biphenvIcarbonyl)clavulanate. Yield = 3 r>% 
15 colourless solid, m.p. 94-95°c. 

Found: C. 63.9; H. 5.3; N. 2.5: Br. 13.1% 
C 33 H 32 BrN0 6 requires: C. 64.1. H. 5.2; N, 2.3; Br. 12.9% 
Example 57: R 2= 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 
6-(4- n -Butyl P henyl)hexyl O-acetvlclavuianate, Yield = 76%. paie vellow oil 
20 Found: C. 68.1; H, 7.5; N, 3.1% 

C 26 H 35 N0 6 requires: C. 68.3; H, 7.7; N. 3.1% 
Example 58: R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph, Rl = OCOPh 
6-(4-Butylphenyl)hexyl O-benzoylclavulanate. Yield = 67%. yellow oil 
Found: C. 71 .6: H, 7.2; N. 2.8% 
C 3I H 37 N0 6 requires: C. 71.7; H. 7.2; N. 2.7% 
Example 59: R2= 0(CH 2 ) 6 -(4-Cl)Ph. Rl = OCOCH 3 
6-(4-Chlorophenyl)hexyl O-acetylclavulanate. Yield = 50%. yellow oil 
Found: C, 59.7; H, 6.0; N. 3.3; CI. 8.8% 
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C22H 26 ClNO 6 (0.06CH 2 Cl 2 ) requires: C. 60.1: H. 6.0: N. 3.2; CI 9 0% 
Example 60: R2= OCH 2 -(2,4-diCl)Ph. Rl = OCOPh 

2,4-Dichlorobenzyl O-benzoylclavuianate. Yield = 18%. colourless solid mp 79°C 
Found: C. 57.1: H, 3.8: N. 3.0: CI. 15.5% 
C 22 H 17 C1 2 N0 6 requires: C. 57.2: H. 3.7; N. 3.0: CI. 15.3% 
Example 61: r2= OCH 2 -(2.4-diCl)Ph. R>= OCOCH3 

2.4-Dichlorobenzyl O-acetylclavulanate. Yield = 45%'colourless solid m p 57-58°C 
Found: C. 51.0; H, 3.9: N. 3.6: CI. 17.6% 
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C I7 H 15 C1 2 N0 6 requires: C. 51.0: H. 3.8: N. 3.5: CI. 17.7% 
Example 62: R 2 = OCH 2 Ph. R 1 = OCOCH 3 
O-Acetyl benzyl clavulanate. Yield = 75%. yellow oil. 
Found: C. 61 .9: H. 5.3: N. 4.8% 
5 C 17 H 17 N0 6 requires: C. 61 .6: H. 5.2: N, 4.2% 
Example 63: R 2 = OCH 2 Ph. Rl = OCO-(4-Ph)Ph 
Benzyl 0-(4-biphenylcarbonyl)clavulanate. Yield = 33%. glass. 
Found: C. 71.3: H. 5.1: N. 3.1% 

C 28 H 2 3NO 6 (0.032CH 2 Cl2)requires: C. 71 .3: H. 4.9; N. 3.0% 
10 Example 64: R=OCH 2 Ph. Rl = OCOPh 

O-Benzoyl benzyl clavulanate. Yield = 47%, pale yellow oil. 

Found: C. 66.5: H. 5.1: N, 3.5% 

C 22 H, 9 N0 6 requires: C. 66.2: H. 4.9: N. 3.6% 

Example 65: R 2 = OCH 2 Ph. R 1 = OCO(CH 2 ) 2 Ph 
15 Benzyl O-phenpropionyiclavulanate. Yield = 56%, pale yellow oil. 

Found: C. 68.7; H, 5.6: N. 3.4% 

C 24 H 23 N0 6 requires: C. 68.4; H. 5.5; N. 3.3% 

Example 66: R?= OCH 2 Ph. Rl = OCOCH 2 Ph 

Benzyl O-phenylacetyiclavulanate. Yield = 38%, pale yellow oil. 
20 Found: C, 67.7; H. 5.3: N. 3.3% 

C 23 H 2I N0 6 requires: C. 67.8; H, 5.2; N, 3.4% 

Example 67: r2= OCH 2 Ph. R 1 = OCO(CH 2 ) 4 CH 3 

Benzyl O-hexanoylclavulanate. Yield = 72%, yellow oil. 

Found: C. 64.8: H. 6.5: N. 3.6% 
25 C 21 H 25 N °6 requires: C. 65.0: H. 6.5; N. 3.6% 

Example 68: R 2 = OCH 2 Ph. Rl = OCO(CH 2 ) 8 CH=CH 2 

Benzyl O-(10-undecanoyl)clavulanate. Yield = 71%, pale yellow oil. 

Found: C. 68.8; H, 7.5: N, 3.1% 

C 26 H 33 N 06 requires: C, 68.6: H. 7.3; N, 3.1% 
30 Example 69: R 2 = OCH 2 Ph. R 1 = OCO-( 1 -adamantyl) 

Benzyl 0-(l-adamantylcarbonyl)clavulanaie. Yield = 44%. pale yellow oil. 

Found: C. 67.1; H. 6.6: N. 3.0% 

C 26 H 29 NO 6 (0.2CH 2 Cl 2 ) requires: C. 67.2: H. 6.3; N. 3.0% 
Example 70: R 2 = OCH 2 Ph. Rl = OCOCH 2 -(2-thienyl) 
35 Benzyl 0-(2-thienylacetyl)clavulanate. Yield = 74%. pale yellow oil. 
Found: C. 60.5: H. 4.7: N. 3.2% 
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C 2 ,H I9 NO 6 S(0.1CH 2 Cl 2 ) requires: C. 60.3: Hi 4.6: N. 3.3% 
Example 71: R2= OCH 2 Ph. Rl = OCO(CH 2 ) 2 CO,Et 
Benzyl 0-(ethylsuccinoyl)clavulanate. Yield -52%. pale vellow oil 
Found: C. 60.5; H. 5.6: N. 3.1% 
C 2 ,H 23 N0 8 requires: C. 60.4: H. 5.6: N. 3.4% 
Example 72: R=OCH 2 Ph. R> = OCO-(4-CN)Ph 
Benzyl 0-(4-cyanobenzoyl)clavulanate. Yield = 52%. thick yellow oil. 
Found: C, 64.9; H. 4.4: N. 6.4% 

C 23 H )8 N 2 O 6 (0.1CH 2 Cl 2 ) requires: C. 65.0: H, 4.3; N. 6.6% 
Example 73: R2=OCH 2 Ph.Rl = OCO-(4-N0 2 )Ph 
Benzyl 0-(4-nitrobenzoyl)clavulanate. Yield = 49%. pale vellow oil. 
Found: C. 59.5; H, 4.3: N. 6.0% 

C 22 H, 8 N 2 O 8 (0.1CH 2 Cl 2 ) requires: C. 59.4; H. 4.1: N. 6.3% 
Example 74: r2= OCH 2 Ph. R' = OCOCHfPh)-, 
Benzyl 0-(diphenylacetyl)clavulanate. Yield = 53%. pale vellow glass 
Found: C. 70.9; H, 5.3: N. 2.8% 

C 29 H 25 NO 6 (0.1CH 2 Cl 2 ) requires: C. 71.0; H. 5.2; N. 2.9% 
Example 75. R2= OCH 2 Ph. Rl = OCO(CH 2 ) 7 CH 3 
Benzyl O-nonoylclavulanate. Yield = 81%, pale yellow oil. 
20 Found: C 66.9; H, 7.1; N, 3.2% 

C 24 H 3 ,N0 6 requires: C, 67.1; H, 7.3; N, 3.3% 
Example 76: R2= OCH 2 Ph. Rl = OCO(CH 2 ) 2 -C 5 H 9 

Benzyl 0-(3-cyclopentylpropionyl)clavulanate. Yield = 34%. pale vellow oil 
Found: C. 66.5: H. 6.6; N. 3.6% 
C 23 H 27 N0 6 requires: C. 66.8; H. 6.6: N. 3.4% 
Example 77: r2= OCH 2 Ph, R> = OCO-(CH 2 ) 5 Ph 
Benzyl 0-(6-phenylhexyl)clavulanate. Yield = 33%, pale vellow oil. 
Found: C 70.0; H. 6.4; N. 3.3% 
C 27 H 29 N0 6 requires: C. 70.0: N. 6.3: N. 3.0% 
Example 78: R2= OCH 2 Ph. Rl = OCO-(l-naphthyl) 
Benzyl 0-(l-naphthoyl)clavulanate. Yield = 39%. pale yellow oil. 
Found: C. 69.3; H, 4.9; N. 3.2% 

C 26 H 2I NO 6 (0.4H 2 O) requires: C. 69.4; H, 4.9; N. 3.1% 
Example 79: R2= OCH 2 Ph. Rl = OCOC 6 H, , 

Benzyl 0-(cyclohexvlcarbonyl)clavulanate. Yield = 46%. pale yellow oil. 
Found: C. 66.3: H. 6.4: N. 3.2% 
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C 22 H 25 N0 6 requires: C. 66.2: H. 6.3: N. 3.5% 
Example 80: R2= OCH 2 Ph. Rl = OCO(4-CH 2 Ph)Ph 
Benzyl 0-(4-benzylbenzoyl)clavulanate. Yield = 40%. pale yellow oil. 
Found: C. 70.2: H. 5.3: N. 2.6% 

C 29 H 25 NO 6 (0. 1 5CH 2 C1 2 ) requires: C, 70.6; H, 5. 1 ; N. 2.8% 
Example 81: R 2 = OCH 2 Ph. R> = OCO(4-0-Ph)Ph 

Benzyl 0-(phenoxybenzoyl)clavulanate. Yield = 24%. cream solid, m.p. 83-85°C. 
Found: C. 68.2: H. 4.8: N, 2.9% 

C 28 H 23 NO 7 (0. 1 25CH 2 C1 2 ) requires: C, 68. 1 ; FL 4.7: N ? 2.8% 
Example 82: R2= NH(CH 2 ) 6 Ph. Rl = OCOCH 3 
N-6-Phenylhexyl O-acetylclavulanamide. Yield = 77%. colourless solid, 
m.p. 62-63°C 

Found: C. 65.7: H. 6.9: N. 7.0% 

C 22 H 28 N 2 O f requires: C. 66.0: H. 7.1: N. 7.0% 
15 Example 83: R2=(CH 2 ) 6 -(4-OCH 3 )Ph,Rl =OCOCH 3 

6-(4-Methoxyphenyl)hexyl O-acetylclavulanate. Yield = 23%. colourless oil. 

Found: C. 64.0: H, 6.9: N. 3.4% 

C 23 H 29 N0 7 requires: C. 64.0; H. 6.8; N, 3.3% 

Example 84: R 2 = NHO(CH 2 ) 5 Ph, R' = OCOCH 3 
20 N-5-Phenylpentyloxy O-acetylclavulanamide, Yield = 54%, yellow oil. 

Found: C. 62.4: H, 6.6; N, 7.1% 

c 2lH 26 N 2 0 6 requires: C. 62.7; H. 6.5: N. 7.0% 

Example 85: R2=NHfCH 2 ) 6 -(4-F)Ph.Rl =OCOCH 3 

N-6-(4-Flurophenyl)hexyl O-acetylclavulanamide. Yield = 30%. colourless solid, 
25 m.p. 64-65°C. 

Found: C 63.0; H, 6.4; N. 6.9% 

C 22 H 27 FN 2 0 5 requires: C. 63.1: H. 6.5; N, 6.7% 

Example 86: R 2 = N(CH 3 )(CH 2 ) 6 -(4-F)Ph, Rl = OCOCH 3 

N-Methyl-6-(4-fluorophenyl)hexyl O-acetylclavulanamide. Yield = 73%. colourless oil. 
30 Found: C, 63.6; H, 7.1 : N, 6.3% 

C 23 H 29 FN 2 0 5 requires: C. 63.9: H. 6.8; N. 6.5% 

Example 87: R2= 0(CH 2 ) 5 CO-(4-Cl)Ph, Rl = OCOCH 3 

O-Acetyl 6-(4-chlorophenyl)-6-oxo-hexyl clavulanate. Yield = 64%. yellow oil. 

Found: C. 57.6: H. 5.4; N. 3.0; CI. 8.7% 
35 C 22 H 24 ClNO 7 (0.75CH 2 Cl 2 ) requires: C. 58.1: H. 5.3: N. 3.1: CI. 8.9% 

Example 88: R2= Q(CH 2 ) 6 -(4-F)Ph. Rl = OCOCH 3 
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6-(4-Fluorophenyl)hexyl O-acetylclavulanate. Yield = 46%. colourless oil 
Found: C. 62.9: H. 6.3; N. 3.1% 
C 22 H 26 FN0 6 requires: C. 63.0: H. 6.3; N. 3.3% 
Example 89: r2= OfCH 2 ) 6 -(4-Cl)Ph. Rl = OCOCHCl, 

5 6-(4-Chlorophenyl)hexyl O-dichloroacetylclavulanate. Yield = 79% vellow oil 
Found: C. 52.6; H. 4.9; N. 2.7% 
C 22 H 24 C1 3 N0 6 requires: C. 52.4: H. 4.8; N. 2.8% 
Example 90: R2= OCH 2 -(3.4-diCl)Ph. R 1 = OCOPh 
3.4-Dichlorobenzyl O-benzoylclavulanate, Yield = 50%. vellow oil 
10 Found: C, 57.1; R 3.9; N. 2.9; CI. 15.2% 

C 22 H I7 C1 2 N0 6 requires: C. 57.2; H. 3.7; N. 3.0: CI. 15.3% 
Example 91: r2= OCH 2 -(3.4-diCl)Ph. Rl = OCOCH 3 
3.4-Dichlorobenzyi O-acetylclavuianate. Yield = 74%'pale vellow oil 
Found: C. 51.1; H. 3.9: N. 3.5: CI. 17.2% 

C l7 H l5 Cl 2 NO 6 (0.06Et 2 O) requires: C. 51.2: H. 3.9; N. 3 5- CI 17 5% 
Example 92: R 2= N(CH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph, Rl = OCOPh 

N-Methyi-6-(4- n -butylphenyl)hexyl O-benzoylclavulanamide. Yield = 50%. colourless oil 
Found: C, 72.1; H. 7.5; N. 5.1% 

C 32 H 40 N 2 O 5 requires: C. 72.1: H. 7.6; N, 5.3% 

Example 93: R 2= NHO(CH 2 ) 6 -(4-C 4 H 9 )Ph, R« = OCOCH 3 

N-6-(4-n-Butylphenyl)hexyloxy O-acetylclavulanannde. Yield = 43%. colourless solid 
m.p. 67-68°C. 

Found: C, 65.7; H, 7.4; N, 6.1% 
C 26 H 36 N 2°6 requires: C. 66.1: H. 7.7: N. 5.9% 
Example 94: R2 = N(CH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH, 

N-Methyl-6-(4-n-butylphenyl)hexyi O-acetylclavulanaimde. Yield = 44%. colourless oil 
Found: C. 69.1: H. 8.1; N. 5.9% 

C 27 H 38 N 2 0 5 requires: C. 68.9; H. 8.1; N, 6.0% 
Example 95: R2= OCH 2 Ph ? Rt = OCOCHCl 2 
Benz>'l O-dichloroacetylclavulanate. Yield = 82%(crude) 
Analytical sample, yellow oil. 
Found: C, 51.6; H. 4.0: N. 3.5% 

C , 7 H, 5 Cl 2 NO 6 (0. 13C 6 H 1 4 ) requires: C, 5 1 .9; H.4. 1 : N. 3.4% 
Example 96: R 2 = N(OH)fCH 2 ) 6 -(4-F)Ph, Rl = OCOCH 3 
N-Hydroxy-N-6-(4-nuorophenyl)hexyl O-acetylclavtilanamide 
(a) Benzyl O-acetylclavulanate 
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Benzyl ciavulanate (4 g. 0.01 38mol ) was dissolved in dry CH 2 C1 2 (75ml). The 
solution was cooled to -30°C under nitrogen and treated with pyridine ( 1 ~3ml. 
0.0 1 607mol) and acetyl chloride ( 1 ml. 0.0 1 4 1 mol). The reaction was stirred at -30°C to 
-10°C over 2 hours and poured into 0.5N HC1 (100ml) and CH 2 C1 2 (50ml). The organic 
layer was removed, washed with brine, dried (MgS0 4 ) and evaporated to a yellow oil 
which was purified by column chromatography on silica gel using 2 : 1 hexane/ethyl 
acetate as the eiuting solvents, yielding the product as an oil (4. 14 g, 90%). 

(b) Ethyl 2-(6-(4-fluorophenyl)hexyl)-3-methyl-isoxazol-5-one-4-carboxylate 
A solution of ethyl 5-hydroxy-3-methyl-4-isoxazolecaroxylate. sodium salt, 

hemihydrate (4.9 g ? 0.0242mol) in dry DMF (20ml) was treated with 6-(4- 
fluorophenyl)hexyl bromide (7.4 g, 0.0242mol) and stirred at 120°C for 1 hour, poured 
into water (300ml) and extracted with CH 2 C1 2 (3x75ml). The organic extracts were 
combined, washed with water, dried (MgS0 4 ) and evaporated to an orange oil which was 
purified by column chromatography on silica gel using 1 : 1 ethyl acetate/hexane as the 
eiuting solvents, yielding the product as a cream solid (6. 1 1 g, 72%) m.p. 69-71 °C. 

(c) N-6-(4-fluorophenyl)hexyl hydroxylamine 

Ethyl 2-(6-(4-fluorophenyl)hexyl)-3-methyI-isoxazol-5-one-4-carboxylate (5.8 g, 
0.0166mol) was dissolved in water (15ml), glacial acetic acid (15ml) and cHCl (15ml), ' 
stirred at reflux for 1 9 hours and evaporated to dryness. The residue was dissolved in 
water (50ml ) and basified with 2N NaOH to pH 1 4 and extracted with ethyl acetate 
(2x75ml), dried (MgS0 4 ) and evaporated to an orange oil. triturated with hexane and the 
solid product was collected by filtration, yielding the product as a cream solid (2.28 g 
65%) m.p. 74-75°C. 

(d) N-Hydroxy-N-6-(4-fluorophenyl)hexyl O-acetylcIavulanamide 
Benzyl O-acetyl ciavulanate (2.45 g. 0.00739mol) was hydrogenated in dry THF 

(50ml) over 10% palladium on carbon ( 1 g) for 7 minutes at 25°C at 20psi. The reaction 
mixture was filtered to remove catalyst and THF (50ml) was added. The filtrate and 
solutions of DCC (1.27 g, 0.006 16mol) in dry CH 2 C1 2 (100ml) and N-6-(4- 
fluorophenyl)hexyl hydroxylamine (1.25 g, 0.00592mol) in dry CH 2 C1 2 (100ml) were 
mixed together quickly. The mixture was evaporated to near dryness and CH^Cl-, 
(1 00ml) was added. After stirring for 90 minutes at room temperature the mixture was 
filtered and evaporated to an oil which was purified by column chromatography on silica 
gel using hexane/ethyl acetate as the eiuting solvents, yielding the product as a yellow oil 
(0.183 g, 7.1%) ' " 

35 Found: C. 60.8; H, 6.4; N ? 6.3% 

C 22 H 27 FN 2 0 6 requires: C. 60.8; H. 6.3: N, 6.5% 
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Example 97: R 2= N(OCOCH 3 )(CH 2 ) 6 -(4-F)Ph. Rl = OCOCH 3 
N-Acetoxy-N-6-(4-nuorophenyl)hexyl O-acetylclavulanamide ' 

A solution of N-Hydroxy-N-6-(4-fluorophenyl)hexyl O-acetvlclavulanamide (1 o 
0.0023mol) in dry CH 2 C1 2 (60ml). cooled to -30°C under nitrogen, was treated with 
pyridine (0.21ml. 0.0026mol) followed a solution of acetvl chloride (0 18 g 
0.002306mol) in CH 2 C1 2 (5ml). The reaction was st.rred at -30°C to 0°C over 90 
minutes, poured into brine (100ml) with CH 2 C1 2 (50ml). The organic layer was 
separated, dried (MgS0 4 ) and evaporated to a yellow oil which was purified by column 
chromatography on silica gel using hexane/ethyl acetate as the eluting solvents, yielding 
the product as a yellow oil (0.49 g. 45%). 
Found: C. 60.3; H. 6.2: N. 5.7% 
C 24 H 29 FN 2 0 7 requires: C. 60.5: H. 6.1: N. 5.9% 
Example 98: R 2= N(OCOCH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 
N-Acetoxy-6-(4-n-butylphenyl)hexyl O-acetylclavulanamide 

(a) N-Hydroxy-N-6-(4-n-butylphenyl)hexyl clavulanamide 

Clavulanic acid (derived from benzyl clavulanate (0.6 g, 0.00207) as described in 
Example 40d) and N-6-(4-n-butyl P henyl)hexyl hydroxylamine (prepared as described for 
Example 96b) were treated with DCC (0.42 g, 0.00203mol) as described in Example 96d 
Purification of the residue by column chromatography on silica gel using hexane/ethyl 
acetate as the eluting solvents, gave the product as an oil (0. 1 5g, 29%) 

(b) N-Acetoxy-6-(4-n-butylphenyl)hexyl O-acetylclavulanamide 

N-Hydroxy-N-6-(4-n-butylphenyl)hexyl clavulanamide (0.14 g 0 000325) was 
dissolved in dry CH 2 CI 2 (20ml). The solution was cooled to -30»C under nitrogen and 
treated with pyridine (0.03ml. 0.00037mol) and a solution of acetvl chloride (0 0^3ml 
0.000323mol) in CH 2 C1 2 (1ml). st.rred at -30°C for 1 hour, poured into brine (50ml) and 
extracted with CH 2 C1 2 (30ml). The organic layer was dried (MgS0 4 ) and evaporated to 
an oil which was purified by column chromatography on silica gel using 3:1 hexane/ethvl 
acetate as the eluting solvents, yielding the product as a pale vellow oil (0 059 g 70%) 
Found: C, 64.9; H, 7.3; N, 5.1% 
C 28H 38 N 2 0 7 requires: C. 65.3; H. 7.4: N, 5.4% 
Example 99: R2= NHO(CH 2 ) 6 Ph. Rl = OCOCH 3 

N-6-Phenylhexyloxy O-acetylclavulanamide. Yield = 42%. colourless solid, m.p. 70-71 °C. 

A solution of benzyl O-acetylclavulanate (Example 96a) ( 1 .4 g, 0.00422 mol) in 
dry THF (42ml) was hydrogenated over 10% palladium on carbon (0.56 g) for 5 minutes 
at 25°C at 20psi. The catalyst was filtered off and the filtrate and solutions of DCC 
(0.73 g. 0.00354mol) in dry CH 2 C1 2 (65ml) and 6-phenylhexyloxyamine (prepared as for 
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Example 47b) (0.65 g, 0.00336mol) in dry CH 2 CI 2 (65ml) were mixed together quickly. 
The reaction mixture was evaporated to near dryness and CH 2 C1 2 (65ml) was added. 
After stirring at room temperature for 1 .5 hours the suspension was cooled, filtered and 
the filtrate was evaporated to dryness. The residue was purified by column 
chromatography on silica gel using hexane/ethyl acetate as the eluting solvents and 
recrystallisation from ethyl acetate/hexane gave the product as a colourless solid (0.59 g, 
42%) m.p. 70-71 °C. 
Found: C, 62.6; H, 6.5: N, 6.8% 

C 22 H 28 N 2 O 6 (0.23H 2 O) requires: C. 62.8; H. 6.8; N, 6.7% 
Example 100. R2= 0(CH 2 ) 6 -(4-F)Ph, Rl= OCHO 
6-(4-Fluorophenyl)hexyl O-formylclavulanate 

98-100% Formic acid (0.12ml. 0.003 18mol) was added to acetic anhydride 
(0.25ml. 0.00265mol> at 0°C. The mixture was then stirred at 50°C for 90 minutes, 
cooled to 0°C. (THF) (1ml) was added followed by 6-(4-fIuorophenyl)hexyl clavulanate 
1 5" (0.5 g. 0.00 1 32mol) in dry THF (1 ml ) and the reaction was stirred at room temperature 
for 4 hours. The reaction mixture was evaporated and purified by column 
chromatography on silica gel using 3:1 hexane/ethyl acetate as the eluting solvents, 
yielding the product as a yellow oil (0.23 g, 43%). 
Found: C. 62.2; H. 6.2; N, 3.4% 
20 C 21 H 24 FN0 6 requires: C. 62.2; H. 6.0; R 3.5% 

Example 101: R2 = 0(CH 2 )6Ph. Rl = N(CH 3 )CH 2 Ph 
6-Phenylhexyl 9-N-benzyl-N-methyldeoxy clavulanate 

6-Phenylhexyl O-dichloroacetylclavulanate (lg, 2mmol) was dissolved in DMF 
(20ml I at 0°C and treated with N-benzylmethylamine (0.46g, 3.8mmol) dropwise. The 
25 mixture was stirred for 3 hours then poured into ethyl acetate (40 ml ). washed with water 
(x3). brine (x2). dried (MgSC>4) and evaporated to a yellow oil which was purified by 
repeat column chromatography on silica gel using 1 : 1 pet ether/ethyl acetate as the 
eluting solvents, yielding the product as a yellow oil (0.037 g, 4%). 
Found: C, 71.6; H. 7.4: N, 5.6% 
30 C 28 H 34 N 2 O 4 (0.04H 2 O) requires: C. 71 .6;. H, 7.5; N. 6.0% 
Example 102: R2 = 0(CH 2 ) 6 -(4-F)Ph ? Rl = NHCHQ 
6-(4-Fluorophenyl)hexyl 2-(2-formamidoethylidene)-clavam-3-carboxylate 
(a) N-Formyl benzyl carbamate 

Benzyl carbamate (20g, 0.1323mol) and N.N-dimethylformamide dimethylacetal 
35 (52ml. 0.39 1 mol) were heated together at 1 20°C for 1 5 minutes. The methanol was 

removed and the reaction mixture was heated at 100°C for 1 hour, cooled and filtered to 
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give a colourless solid (21.2 g) m.p. 80-82°C. which was rmxed with 70% aqueous glacial 
acetic acd f 1 00ml ) and stirred at room temperature for 1 hour, poured into water (500ml) 
and extracted with ethyl acetate (2x250ml). The organic extracts were combined, washed 
with water, brine, dried (M g S0 4 ) and evaporated in vacuo. The residue was mixed with 
water, filtered and the solid was recrystallised from ethanol/water to eive the product as 
colourless needles (12.97 g. 55%). m.p. 65°C. 

(b)6-(4-Fluorophenyl)hexyl-2-(2-formamidoethyiidene)-clavam-3-carboxylate 

A solution of 6-(4-flurophenyl)hexyl clavulanate (3 g. 0.00795mol) in dry THF 
(90ml.,. stirred at 10°C under nitrogen, was treated with triphenylphosphine (2.4 g 
0.0091 5mol) and N-formyl benzyl carbamate (2.85 g, 0.0 1 59mol) 
Diethylazodicarboxylate (1.59 g, 0.009 13mol) in dry THF (30ml) was added over 20 
minutes and the reaction mixture was stirred at room temperature for 2 1 hours and 
evaporated to an orange oil which was purified by column chromatographv on silica gel 
using 2:1 hexane/ethyl acetate as the eluting solvents to give a vellow oil (4 06 g) This 
o.l was hydrogenated in dry THF (50ml) over 10% palladium on carbon (2 g) for 60 
minutes at 25°C at 40psi. The reaction mixture was filtered to remove catalyst 
evaporated to an oil which was purified by column chromatograhv on silica gel eluting 
with hexane/ethyl acetate as the eluting solvents, yielding the product as a vellow oil 
(0.146 g, 4.5%). 

Found: C. 61.9: H, 6.2; N, 6.8% 

C2iH 25 FN 2 0 5 requires: C, 62.3; H, 6.2; N, 6.9% 

Example 103: R2 = 0(CH 2 ) 6 Ph, Rl = NHCHO 

6-Phenylhexyl-2-(2-formamidoethylidene)-clav a m-3-carboxylate 

Potassium cyanate (6. 1 9 g. 0.0763mol) in water (5ml) and toluene (75ml) was cooled to -5" 
C- 5N H 2 S0 4 (12.5ml) was added to the vigorously stirred solution over 5 minutes keeping 
the temperature below 0°C. The toluene layer was decanted off. dried (MgS0 4 ) and cooled 
to -10 °C and added to a solution of 6-phenylhexyl clavulanate (1 g, 0.00278mol) and 
tnphenyl phosphine (0.93 g, 0.00354mol) in dry THF (20ml) stirred at -10°C 
Diethylazodicarboxylate (0.62ml, 0.00394mol) was added at -10°C and the reaction mixture 
was stirred at room temperature for 1 hour, filtered and evaporated in vacuo. The residue was 
dissolved in dry CH 2 C1 2 (25ml) and cooled to 10°C. Pyridine (0.56ml. 0.00692mol) and 
formic acd (0.25ml. 0.00663mol » were added and the reaction was srirred at room 
temperature for 1 hour and diluted with CH 2 C1 2 (75ml). The reaction mixture was washed 
with 0.5N HC1. water. 10% NaHC0 3 . brine, dried M g S0 4 and evaporated to a brown oil 
wh.ch was purified by column chromatography on silica gel eluting with ethyl acetate and 
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recrystalhsauon from diethyl ether to give the product as a colourless solid (0.037 g 3 4%) 
m.p. 53-54°C. 

Found: C. 65. 1 ; H. 6.6; N. 7.4% 
c 2lH 2 6N 2 0 5 requires: C. 65.3: H. 6.8; N, 7.3% 
Examples 104 and 105: R2 = 0(CH 2 ) 6 Ph. Rl = NHCOCH 3 

(i) 6-Phenyihexyl (3R. 5R. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate and 

(ii) 6-Phenylhexyl (3R. 5R. E)-2-f2-acetamidoethylidene)-clavam-3-carboxylate 

(a) N- Acetyl benzyl carbamate 
To a suspension of benzyl carbamate (20 g, 0. 1 323mol) in dry benzene (20ml) 

was added acetyl chloride (21ml. 0.2953mol)and the mixture was stirred at 75°C for 20 
hours. Acetyl chloride (5ml. 0.0703mol) was added and the reaction mixture was stirred 
at 75°C for 1 hour and then evaporated to dryness. The residue was azeotroped with ethyl 
acetate (x2) and the resulting yellow solid was recrystallised from ethyl acetate/hexane to 
give the product as a colourless solid ( 1 8.49 g, 72%). m.p. 1 06- 1 08°C 

(b) (i) 6-Phenylhexyl (3R. 5R. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate and 
(ii) 6-Phenylhexyl (3R. 5R. E)-2-(2-acetamidoethylidene)-clavam-3-carboxylate 

A solution of 6-phenylhexyl clavulanate (4.5 g, 0.0125mol) in dry THF (100ml), 
stirred at 10°C under nitrogen, was treated with triphenylphosphine (3.78 g, 0.0144mol) 
and N-acetyl benzyl carbamate (2.9 g, 0.01 5mol). Diethylazo dicarboxylate (2.5 1 g, 
0.0144mol) in dry THF (30ml) was added over 10 minutes. The reaction mixture was 
then stirred at room temperature for 5 hours and evaporated to an oil which was purified 
by column chromatography on silica gel using hexane/ethyl acetate as the eluting 
solvents, yielding a crude oil (0.96 g). This oil was hydrogenated in dry THF (30ml) over 
10% palladium on carbon (0.5 g) for 60 minutes at 25°C at 40psi. The reaction was 
filtered to remove catalyst, evaporated to an oil which was purified by column 
chromatograhy on siiica gel eluting with 2:1 ethyl acetate/hexane as eluting solvents. 
Recrystallisation from ether/hexane of the appropriate column fractions gave: 
i) as a colourless solid (0.222g, 4.45%), m.p. 64-65°C. 
Found: C, 65.6: H, 6.9; N. 7.0% 
30 C22H28N2O5 requires: C. 66.0: H.7.1; N. 7.0% v 
(ii) as a colourless solid (0.02g, 0.4%) m.p. 64-65°C 
Found: C. 65.8; H. 6.9; N. 7.1% 
C 22 H 28 N 2°5 requires: C. 66.0: H. 7.1 : N. 7.0% 

35 The following compounds. Examples 1 06- 1 09. were prepared as described above in 
Example 104 
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Example 106: R2 = 0(CH 2 ) 6 -(4-F)Ph. Rl = NHCOCH 3 

6-(4-Fluorophenyl)hexyl-2-(2-acetam 1 doethylidene)-clav J a m -3-carboxvlate Yield = 34 o/ 0 
colourless solid, m.p. 73-74°C. ' ' 

Found: C. 63.2: H. 6.4; N. 6.7% 
C 2 2H2 7 FN 2 0 5 requires: C. 63.2: H. 6.5: N. 6.7% 
Example 107: R2 = OfCH 2 ) 6 -(4-Cl)Ph. Rl = NHCOCH3 

6-(4-Chlorophenyl)hexyl-2-(2-aceta m idoethylidene)-clava m -3-ca r boxvl a te Yield = 5% 
colourless solid, m.p. 69-72°C. ' " 

Found: C. 61.2: H, 6.2; N. 6.5% 
C 22H 27 C1N 2 0 5 requires: C. 60.8; H, 6.3: N. 6.4% 
Example 108: R 2 = 0(CH 2 ) 6 -,4-C 4 H 9 )Ph. Rl = NHCOCH 3 

Y 6 i^ - 70o; 1Ph 7 y,) I heXyl Z) - 2 - (2 - aCel - ld ^ 1 ^>c,ava m -3-c a rboxvlate. 
,e,d - 20 %. colourless solid, m.p. 80-82°C. 

1 5 Found: C. 68.2; H. 7.8; N. 6.4% 

C 26H 36 N 2 0 5 requires: C. 68.4: H. 8.0: N. 6.1%BRL-23845 
Example 109: R2 = OCH 2 Ph. Rl = NHCOCH3 

Benzyl (3R. 5R, Z)-2-(2-aceiamidoethyIidene)-clavam-3- C arboxylate. Yield = 3% 
colourless solid, m.p. 134-135°C 
Found: C. 61.8; H, 5.5; N, 8.4% 
Cl7H, 8 N 2 0 5 requires: C, 61.8; H. 5.5; N, 8.5% 
Example 110: R2 = OCH 2 Ph. Rl = NHCOPh 

(i) Benzyl (3R, 5R, Z)-2-(2-benzamidoethylidene)-clavam-3-carboxvlate 
and 

25 Example 111 R2 = 0CH 2 Ph. R 1 = NHCOPh 

(ii) Benzyl (3R. 5R. E)-2-(2-benzamidoethylidene)-clavam-3-carboxylate 

(a) N-Benzoyl benzyl carbamate 

A suspension of benzoyl isocyanate (1.5 g, 0.0102mol) in dry benzene (8ml) was 
treated with a solution of benzyl alcohol (1.1 g, 0.0102mol) in benzene (5ml) and the 
reacuon rmxture was heated at 80°C for 30 minutes. After cooling the product was 
filtered from hexane as a colourless solid (1.45 g, 57%) m.p. 1 18-1 20°C. 

(b) A solution of benzyl clavulanate (2.19 g, 0.00757mol) in distilled THF (40ml) was 
treated with tnphenyjphosphine (2.28 g, 0.0087mol), N-benzovl benzvl carbamate (3 38 g 
0.0132mol) and a solution of diethylazod.carboxy late (1.5 g, 0.00861mol) in THF (10ml) ' 
was added over 1 minute. After stirring at room temperature for 24 hours the reaction 
nuxture was evaporated ,0 a yellow oil which was purified by repeat column chromatography 
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on silica gel using 3: 1 hexane/ethyl acetate as the eluting solvents, yielding a yellow oil (1.21 
g). This oil was hydrogenated in dry THF (30ml) over 10% palladium on carbon (0.5 g) for 
60 minutes at 25°C at 40psi. The reaction mixture was filtered and treated with a solution of 
sodium bicarbonate (0. 1 4 g. 0.000 1 67mol) in water (40ml) and the mixture freeze dried to 
give a brown solid which was dissolved in DMF (35ml > and treated with benzyl bromide (1 
g, 0.00585mol). After stirring at room temperature for 6 hours the reaction mixture was 
evaporated to an oil. mixed with diethyl ether, filtered and the filtrate was washed with brine, 
dried (MgS0 4 ), evaporated to a brown oil which was purified by column chromatography on 
silica gel using hexane/ethyl acetate as the eluting solvents. Recrystallisation of the 
appropriate fractions from ethyl acetate/hexane gave the products: 

(i) colourless solid (0.104 g, 12.5%) m.p.l43-144°C 
- Found: C. 67.4; H. 5.3; N, 7.2% 

c 22H2oN 2 0 5 requires: C. 67.3: H. 5.1: N. 7.1% 

(ii) colourless solid (0.0 19g. 2.4 %) m.p. 160-I62°C 
15 Found: C. 67.5: H. 5.3: N. 7.2% 

C22H20N2O5 requires: C. 67.3: H. 5.1; N. 7.1% 
Example 1 12: R2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = NHCOPh 

6-(4-n-Butyiphenyl)hexyl (3R. 5R. Z)-2-(2-benzamidoethylidene)-clavam-3-carboxylate, 
Yield = 37%. colourless solid, m.p. 87-89°C, prepared as described in Example 1 1 1 above 
20 Found: C. 71.5: H. 7.2; N. 5.4% 

C 3lH 38 N 2 0 5 requires: C. 71.8; H. 7.4; N, 5.4% 

Example 113: R2 = NH(CH 3 ) 6 Ph. Rl = NHCOCH3 

N-6-Phenylhexyl-2-(2-acetamidoethylidene)-clavam-3-carboxamide 

Benzyl (3R. 5R. Z)-2-(2-acetamidoethyiidene)-clavam-3-carboxylate (0.38 g, 
0.001 15mol) in dry THF (20ml) was hydogenated over 10% palladium on carbon (0.15 g) 
for minutes at 25°C at 20psi. The reaction mixture was filtered and the catalvst was 
washed with THF (30ml) and CH 2 C1 2 (30ml). The combined filtrates and solutions of 
DCC (0.20 g ? 0.00097mol) in dry CH 2 C1 2 (20ml) and 6-phenylhexylamine (0.165 g, 
0.00093 lmol) in dry CH 2 C1 2 (20ml) were mixed together quickly. The reaction mixture 
was evaporated to near dryness and CH 2 C1 2 (20ml) was added. After stirring at room 
temperature for 1 .5 hours the reaction mixture was cooled, filtered and the filtrate was 
evaporated to an oil which was purified by column chromatography- on silica gel using 
ethyl acetate/ethanol as the eluting solvents and recrystallisation from ethyl acetate/pet 
ether, yielding the product as a colourless solid (0. 1 02 g. 28%) 
35 m.p.l45-146°C. 

Found: C. 66. 1 ; H. 7. 1 ; N. 1 0.6% 



25 



30 



-29- 



BNSDOCID: <WO 9710247A1_1_> 



SUBSTITUTE SHEET (RULE 26) 



10 



WO 97/10247 

PCT/EP96/04081 

C 22 H 29 N 3 0 4 requires: C. 66. 1 ; H. 7.3; N. 1 0.5% 
Example 114: R2 = NHO(CH 2 ) 5 Ph. NHCOCH, 

N-5-Phenylpentyloxy-2-(2-acetamidoethylid e ne)-dav a rn-3-carboxa m id e 
5 R 7. 7 2 "^ aCelamid ° elh y lidene >- clav ^-3-carboxylic acid (derived from benzvl (3R 
R Z)-2-f2-aceta mi doethyl 1 dene)-clava m .3.c a rboxviate (0.7 g) as descnbed in Example 
1 13a) was treated with DCC (0.43 g) and 5-phenylpentyloxvamine (0.34 g) as described 
m fcxample 1 1 3a to give the product as a colourless solid (0.2 1 7 g 29%) 

m.p. 126-129°C. 

Found: C. 63.0; H. 6.7; N, 10.5% 
C 21 H 27 N 3 0 5 requires: C. 62.8; H. 6.8: N.10.5% 
Example 115: R 2 = OCH 2 -(2.4-diCl)Ph. Rl = NHCOCH.NHCOCH^ 
2.4-D 1 chlorobenzyl(3R.5R)-9-deoxy-9-(2-N-acetylglycinamido)clav U J lanate 
0 000^ S i° d, 7 m 9 " de ° Xy ^^^-^y'gy-namidoklavulanate (0.125 g, 
0.000391mol, and 2.4-d.chlorobenzyl brom.de (0.282 g, 0.001 175moi, were stirred 
1> together :n DMF (7.5ml) for ,8 hours. The reaction was evaporated to drvness and the 
residue was partitioned between ethyl acetate (50ml) and water (25ml) and filtered to 
remove sohd. The organic layer was dried (MgS0 4 ), combined with the solid and 
evaporated m vacuo to give a solid which was washed with diethyl ether and 

20 TsO^r fr ° m Cthyl aCCtate l ° S1VC ^ Pr ° dUCt " C ° l0UrieSS SOUd ( °- 09 50% > -P. 
Found: C. 49.9; H, 4.3; N, 9.1% 
C 19 H, 9 C1 2 N 3 0 6 requires: C. 50.0; H, 4.2; N, 9.2% 
Example 116: R 2 = OCH 2 -(2,4-diCl)Ph, Rl - NHCOCH->NHCOCH 3 

2.4-D,chlorobenzyl(3S.5S)-9-deoxy-9-(2-N-acetylglycinamido)clavuianate 

Sodium (3S. 5S)-9-deoxy-9-(2-N-acetylglycinamido)clavulanate (0 135 g 
0.0042mol) and (0.30 g, 0.00,25mol) were stirred together in DMF (7.5ml) for 2 \ hours 
The reaction mixture was evaporated to an orange oil which was partitioned between 

^ y r? ml) ^ (3 ° ml) - 7116 ° rganiC ,a ' Ver Was washed w "h brine, dried 
(MgS0 4 ) and evaporated to a clourless solid which was washed with diethvl ether to 
remove 2,4-dichlorobenzyl brom.de. The residue was recrvstallised from ethv. acetate to 
give the product as a colourless solid (0.097 g, 50%) m.p. 1 83-1 84 »C 
Found: C. 50.0; H, 4.0: N. 9.4% 
C I9 H 19 C1 2 N 3 0 6 requires: C. 50.0: H. 4.2; N, 9 2% 
Example 117: R2 = 0 CH 2 Ph. Rl = NHCOCH 3 
Benzyl (3S. 5S. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate 
(a) Benzyl (3S. 5S)-9-deoxy-9-(2-N-acetylglycinamido)clavulanate 
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Sodium (3S. 5S)-9-deoxy-9-f2-N-aceiylg!ycinamido)clavulanate (125 g, 
0.033mol) and benzyl bromide (50ml. 0.42mol) were stirred together in DMF (1.11) for 
24 hours. Ethy acetate ( 1 . 1 1) was added and the reaction mixture was filtered and 
evaporated in vacuo to a brown oil which was purified by column chromatography on 
silica gel using chloroform/ethanol as the eluting solvents. Recrystallisation from ethyl 
acetate/ether gave the product as a light brown solid (1 2.9 g, 25%) m.p. 138-140°C. 
(b) Benzyl (3S. 5S. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate 

A solution of benzyl (3S. 5S)-9-deoxy-9-(2-N-acetylglycinamido)-clavulanate 
(0.48 g, 1 .25mmol) in CH 2 C1 2 (25ml), cooled to -5°C, was treated with a solution of 
pyridine (0.99 g, 12.5mmol) in CH 2 C1 2 (2ml) folowed by thionyl chloride (0.59 g, 
5mmol) in CH 2 C1 2 (2ml). The reaction mixture was stirred at 5°C for 10 minutesand at 
roam temperature for 50 minutes, cooled to 5°C and treated with 2-ammothiophenol 
(1-25 g, lOmmoi) in CH 2 C1 2 (2m\) and stirred at 5°C for 1 hour. Pyridine (1 .98 g, 
25mmol) and acetyl chloride ( 1 .57 g. 20mmol) were added to the reaction mixture and it 
was stirred at room temperature for 1 hour. The reaction mixture was diluted with 
CH 2 C1 2 (25ml) and washed with 0.5M HC1. water. sat.NaHC0 3 . brine, dried (MgS0 4 ) 
and evaporated to a red tar which was purified by column chromatography on silica gel 
eluting with ethyl aceate and then 20: 1 CHCl 3 /methanol to give an orange oil. Trituration 
with diethyl ether yielded the product as a light brown solid (0.033 g, 8%) 
20 m.p. 129-132°C. 

Found: C. 61.1; H, 5.5; N, 8.5% 

Ci 7 H| 8 N 2 O 5 (0.026EtOAc. 0.17H 2 0) requires: C. 61.2; H, 5.6; N, 8.3% 
Example 1 18: R2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Ri = NHCOCH 3 

6-{4-n-Butylphenyl)hexyl (3S. 5S. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate 
25 and Example 1 19: R2 = 0 (CH : ) 6 -(4-C 4 H 9 )Ph. Rl =NHCOCH 3 

6-(4-n-Butylphenyl)hexyl (3S. 5S)-2-(2-acetamidoethyl)-clavam-3-carboxylate 

Benzyl (3S. 5S. Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate (0.21 g, 
0.636mmol) in THF (20ml) was hydrogenated over 10% palladium on carbon (0.63g) for 
1 .5 hours. The reaction mixture was filtered to remove catalvst and treated with a 
30 solution of NaHC0 3 (54mg. 0.643mmol) in water (5ml). The THF was removed in 

vacuo and the remaining solution was freeze dried to give an oil which was dissolved in 
DMF (15ml) and treated with 6-(4-n-butylphenyl)hexyl bromide (0.4 g, 1.35mmol) and 
the reaction mixture was stirred at room temperature for 20 hours and evaporated to an 
oil. This oil was purified by column chromatography on silica gel using hexane/ethyl 
3^ acetate as the eluting solvents and evaporation of the appropriate fractions gave the 
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(i) as a brown oil (0.005g, 1.7%). 

'H NMR-(CDC1 3 ) 6 0.92 (,, J-7.3H*. 3H. C Hj ), 8 1 .37 ( m . 6H. CH,). 5 I 59 (m H 
CH,) 5 1 .96 (s, 3H. COCH 3 ), 8 2.57 (u j=7.6Hz. 4H. CH,), 8 (3.08 id, J-1 5Hz. ', H 6B-H) 
» 6 3.,0(dd.J=2.15Hz. 1 H.6C-H). 8 3.94,,, J-6.SHz.2H9.9--m. 8 4.1 6, m 1H COOn 

Ih^h^ 

(ii) as a colourless oil (0.079 g, 27%) 

-H NMR-(CDC1 3 ) 5 0.90 (t, J=7.3Hz, 3H. CH 3 ), 5 1 .36 (m. 6H. CH,), 5 , 56 ( m 6H CH . 
10 6 ,.88 (m, 1H. 8'-H), 5 , .97 (s, 3H. COCH 3 ), 6 2.06 ( m, 1H. 8-H), I 2.57 (tM^' 
CH 2 ), 6 2.92 (dd, J=4.12.6Hz. 1H. 6 P -H), 8 3.40 (m. 3H. 6a-H. 9.9'-H) 5 4 13 (m 3 H 
C0 2 CH 3 ), 6 4.33 (m, 1H. 2-H), 5 4.64 (d, J=6.4Hz. 3-H), 6 5.31 (d. J=4Hz, 5-H) 6 5 55 (d 
J=2.4Hz. 5-H). 5 5.79 (m. l H . NH). 5 7.09 (s, 4H. Ar-H) 
Example 120: R2 = OCH 2 Ph. Rl = NHCOCHoNHCOCH 3 
1 5 Benzyl (3R. 5R)-9-deoxy-9-(2-N-acetylg|ycinamido)ciavulanate 
Example 121. R2 = OCH 2 Ph,Rl = NHCOCH 2 NHCOCH 3 
Benzyl (3S. 5S)-9-deoxy-9-(2-N-acetylglycinaimdo)clavulanate 
Example 122: R2 = OCH 2 Ph, Rl = NHC0 2 CH 2 Ph 
Benzyl 9-N-benzyloxycarbonylamino deoxyclavulanate 
20 Example 123: R2 = OCH 2 -(4-Br)Ph, Rl = NHCOCH 3 

4-Bromobenzyl (2S. 5S, Z)-2-(2-acetamidoethylidene)-clavam-3-carboxylate 
Example 124: R2 = OCH 2 Ph. Rl = 0(CH 2 ) 2 OH 
Benzyl 0-(2'-hydroxyethyl)clavulanate 
Example 125: R2 = OCH 2 Ph. Rl = N 3 
25 Benzyl (3R. 5R. Z)-2-f2-azidoethylidene)clavam-3-carboxvlate 
Example 126: R2 = OCH 2 Ph, R 1 = 0(CH 2 ) 5 CH 3 
Benzyl O-n-hexylclavulanate, Yield = 1 1.5%, yellow oil. 

A solution of benzyl clavulanate (0.58 g, 0.002mol) in drv CH,C1, (30tnl) was 
treated with hexyl iodide (0.428 g, 0.003mol), silver(I)oxide (0.47 g, o".002mol) and 
powdered 4A° molecular S1 eves (2.2 g). The reaction mixture was stirred in the dark for 
19 hours, filtered, evaporated in vacuo and the residue was purified by column 
chromatography on silica gel, yielding the product as a yellow oil (0.086 g, 1 1 .50/0) 
Found: C. 67.5: H. 7.2; N. 4.0% 
C 2 ,H 27 N0 5 requires: C. 67.5; H. 7.3; N, 3.8% 
Example 127: R2 = OCH 2 Ph. Rl = OCH 3 
O-Methyl benzyl clavulanate. Yield = 42%, pale yellow oil. 
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Found: C. 63.8: H. 5.9: N. 4.7% 
C 16 Hi 7 N0 5 requires: C. 63.4: H, 5.6: N, 4.6% 
Example 128: R 2 = OCH 2 Ph. R 1 = OTHP 
Benzyl O-2-pyranosylclavulanate. Yield = 81%. colourless oil. 
Found: C. 62.3: H. 6.2: N. 3.5% 

C 20 H 23 NO 6 (0.17CH 2 Cl 2 ) requires: C. 62.5; H. 6.1: N. 3.6% 
Example 129: R 2 = OCH 3 , Rl = OCH 3 
Methyl O-methylclavulanate 

Example 130: R2 = OCH 2 -(4-N0 2 )Ph. R 1 = OTHP 
4-Nitrobenzyl 0-tetrehydropyran-2'-yl)clavulanate 
Example 131: R2 = OCH 2 Ph, Rl = OCH 2 C0 2 Et 
Benzyl 0-(carboxymethyl)clavulanate. Yield = 4%, oil. 
Found: C. 59.6: H. 5.6: N. 3.2% 

C l9 H 2l NO 7 (0.1CH 2 Cl 2 ) requires: C. 59.7: H. 5.6: N. 3.6% 
1 5 Example 132: R.2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. R 1 = SCH 3 

6-(4-Butylphenyl)hexyl (3R. 5R. Z)-2- m ethylthioethylidene-clavam-3-carboxylate 

(a) 6-(4-n-Butylphenyl)hexyl bromide 

6-Bromohexanoyl chloride (29.34 g, 0.14mol) in dry CH 2 C1 2 (30ml) was added 
over 5 minutes to a suspension of aluminium chloride (16.13 g, 0.12~mol) in CH,C1 2 
(80ml) whilst keeping the temperature at 20-23°C. The mixture was stirred at room 
temperature for 30 minutes and treated with a solution of n-butylbenzene (14.9 g, 0.1 1 
mol) in CH 2 C1 2 (30ml). After stirring at room temperature for 20 hours, triethylsilane 
(32 g, 0.28 mol) was added at 23-25°C over 10 minutes. The mixture was stirred at room 
temperature for 60 minutes then poured into ice water (200ml). The organic layer was 
separated, dried (MgS0 4 ) and evaporated in vacuo. The residue was distilled under 
reduced pressure to give a clear oil (28.35 g, 87%). boiling point 140-1 43 °C/0.2mbar. 

(b) 6-(4-n-Butylphenyl)hexyl clavulanate 
A mixture of 6-(4-n-butylphenyl)hexyl bromide (7.48 g, 25mmol) and potassium 

clavulanate (5 g. 21mmol) in DMF (200ml) was stirred at room temperature for 20 hours. 
The mixture was evaporated to dryness and partitioned between ethyl acetate (200ml) and 
water (200ml).The organic layer was separated, washed with water, brine, dried (MgS0 4 ) 
and evaporated to an oil which was purified by column chromatography on silica gel 
using 2:1 pet ether/ethyl acetate as the eluting solvents, yieldins the product as an orange 
oil (2.09 g, 24%). 

35 (c) 6-(4-n-Butylphenyl)hexyl O-dichloroacetylclavulanate 
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6-(4-n-butylphenyl)hexyl clavulanate ( 1 .88 g. 4.5mmol) was dissolved in dry 
dichJoromethane (40ml). the solution was cooled to -30°C and treated with pyridine 
(0.44ml) and a solution of dichloroacetyl chloride (0.46ml) in CH 2 C1 2 (10ml) dropwise 
over 10 minutes. Stirring was continued at -30°C for 60 minutes, the reaction mixture 
was poured into IN HC1 (50ml). extracted with dichioromethane (25ml) and the 
combined organic layers washed with brine (x2).dried (MgS0 4 ) and evaporated to an oil 
which was purified by column chromatography on silica gel using 5:1 pet ether/ethyl 
acetate as the eluting solvents, yielding the product as a yellow oil (1.24 g, 52%). 
(d) 6-(4-n-Butylphenyl)hexyl (3R. 5R, Z)-2-methylthioethylidene clavam-3-carboxylate 
A solution of 6-(4-n-butylphenyl)hexyl O-dichloroacetylclavulanate (1.59 g, 
3mmol) in DMF (10ml) was cooled to -60°C and treated dropwise with a solution of 
sodium thiomethoxide (0.198 g. 3mmol) in DMF (30ml) over 10 minutes. The reaction 
mixture was stirred at -50°C for 30 minutes and at room temperature for 90 minutes. The 
reaction was cooled to -50°C and sodium thiomethoxide (0.065 g) was added, stirred at 
room temperature for 45 minutes, evaporated in vacuo to an orange oil which was 
partitioned between ethyl acetate and water. The organic layer was washed with brine, 
dried (MgS0 4 ) and evaporated to an oil which was purified by column chromatography 
on silica gel using 7: 1 hexane/ethyl acetate as the eluting solvents, yielding the product as 
a yellow oil (0.41 g, 30%). 
20 Found: C, 67.7; H, 8.0; N, 3.0% 

C 25 H 35 N0 4 S requires: C. 67.4; H, 7.9; N, 3.1% 
Example 133: R2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph, Rl = SOCH 3 

6-(4-n-Butylphenyl)hexyl (3R. 5R. Z)-2-methylsulphinylethylidene-clavam-3-carboxylate 
6-(4-n-Butylphenyl)hexyl(3R.5R.Z)-2-methylthioethylidene clavam-3- 

25 carboxylate (0.32 g, 0.72mmol) was dissolved in CH 2 C1 2 (30ml) and cooled to -60°C and 
MCPBA (0.25 g, 0.72mmol) in CH 2 C1 2 (25ml) was added over 10 minutes. The 
reaction was stirred at -60°C for 30 minutes and allowed to warm to room temperature 
over 60 minutes. The reaction mixture was washed with aq Na 2 S0 3 , aq NaHC0 3 , water, 
dried (MgS0 4 ), and evaporated to an oil which was purified by column chromatography 

30 on silica gel using ethyl acetate/ethanol as the eluting solvents, yielding the product as a 
colourless oil (0. 1 3 g, 39%). 

'H NMR-(CDC1 3 ) 5 0.92 (t. J=7.3Hz. 3H. CH 3 ), 6 1.35 (m, 6H. CH 2 ), 6 1.60 (m, 6H. 
CH 2 ), 6 2.5 1 (d. J=2.3Hz. 3H. SOCH 3 ), 62.57 (t, J=7.5hZ. 4H. CH 2 ), 5 3.09 (d, J=l 7Hz, 
1H, 6p-H), 8 3.51 (m. 3H. 9.9'-H. 6a-H), 5 4.17 (t, J=6.6Hz. 3H. C0 2 CH 2 ), S 4.80 
35 (q,J=9.2, 11.1 Hz. 1H. 8-H), 6 5.12 (s, 1H. 3-H), 8 5.73 (dd. J=2.71Hz.lH. 5-H), 5 7.08 
(s, 5H. Ar-H). 
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Example 134: r2 = CKCH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = S0 2 CH 3 
6-(4-n-Butylphenyl)hexyl (3R. 5R. ZV2-methy]sulphonylethylidene-clavam-3-carboxylate 

6-(4-n-butylphenyl)hexyl (3R. 5R. Z)-2-methylthioethylidene clavam-3- 
carboxylate (0.2 g, 0.45mmol> was dissolved in CH 2 CI 2 (25ml) and cooled in an ice bath 
5 A solution of mCPBA (0.62 g. 1 .8mmol) in CH 2 C1 2 (25mi) was added over 10 minutes 
and the mixture stirred for 90 minutes in an ice bath. After warming to room temperature 
the mixture was washed with 5% Na 2 S0 3 . saturated NaHC0 3 , water, dried (MgS0 4 ) 
and evaporated to a yellow oil. which was purified by column chromatography on silica 
gel using 3:2 pet ether/ethyl acetate as the eluting solvents, yielding the product as a 
10 colourless oiUO.l 1 g, 51%). 

Found: C 62.7; H, 7.3; N, 3.1% 

C 25 H 35 N0 6 S requires: C. 62.9; H. 7.4; N. 2.9% 

1H NMR-(CDC1 3 ) 6 0.92 (t. J=6.9 Hz. 3H. CH 3 ) , 1.40 (m, 4H. Ctb) . 1.6 (m. 8H. CH.) 
2.57 (t. J=6.7 Hz. 4H. CH 2 -Ph) . 2.8 (s. 3H. S0 2 CH 3 ) .3. 1 (d. J=16.8Hz. 1H. 6P-H) 3 5 
(dd J=2.8. 16.8Hz. 1H. 6a-H) . 3.8 (d. J=7.5Hz. 2H. CH 2 9.9'-H) .4.15 (t. J=3.8Hz. 
2H OCH 2 ) . 4.85 (t, J=7.5Hz. 1H. 8-H) . 5.14 (s. 1H. 3-H) , 5.77 (d. J=2.8. 1H 5-H) 
7.08 (bs. 4H. Ar-H) 



The following compounds. Examples 135-137. were prepared as described above. 
Example 135: R2 = 0(CH 2 ) 6 Ph. Rl = SCH 3 

6-Phenylhexyl <3R. 5R. Z)-2-methylthioethyIidene clavam-3-carboxylate. 

Yield = 14% r yellow oil. 

Found: C. 64.5: H. 7.0: N. 3.4% 

C 21 H 27 N0 4 S requires: C. 64.8: H. 7.0: N. 3.6% 

Example 136: R2 = 0(CH 2 ) 6 Ph. Rl = S0 2 CH 3 

6-Phenylhexyl (3R.5R.Z)-2-methylsulphonylethylidene clavam-3-carboxylate. 
Yield = 68.7%. pale yellow oil. 
Found: C. 59.3: H, 6.3: N. 3.0: S. 7.4% 

C 2 ,H 27 NO 6 S(0.064CH 2 Cl 2 ) requires: C. 59.3: H. 6.4; N. 3.3; S, 7.5% 
Example 137: R2 = 0(CH 2 ) 6 -(4-Br)Ph. Rl = S0 2 CH 3 

6-(4-Bromophenyl)hexyl (3R. 5R. Z)-2-methylsulphonylethylidene clavam-3-carboxylate. 
Yield = 37%. colourless oil. 

!H NMR-(CDCI 3 ) 8 1 .35 (m. 4H. CH 2 ) . 1 .6 (m. 4H. CH 2 ) . 2.56 (t. J=7.5Hz. 2H. 
CH 2 -Ph) . 2.82 (s. 3H. SCH 3 ) . 3.1 (d. J=l 6.8Hz. 1H. 6p-H) , 3.59 (dd. J=16.8. 
2.75Hz. 1H. 6a-H) , 3.8 (d. J=8Hz. 2H. CH 2 9,9') , 4.17 (L J=6.5Hz. 2H. C0 2 CH-7) ,. 
4.85 (t. J=8Hz. 1H, 8-H) .5.14 (s. 1H. 3-H). 5.77 (d. J=2.75. 1H. 5-H) .7.06 ~ 
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(d, J=8.25Hz. 2H. Ar-H). 7.37 (d. J=8.25. 2H. Ar-H) 
Example 138: R2 = OCH 2 Ph. Rl = SPh 

Benzyl (3R. 5R. Z)-2-phenylthioethylidene-clavam-3-carboxylate 

Sodium hydride (0.08 g. 0.002mol) was suspended in dry DMF (10ml) and cooled 
5 man ice bath. Thiophenol (0.2 1 ml. 0.00205mol) was added over 2 minutes and the 
reaction was stirred at room temperature for 15 minutes and than cooled in an ice bath. 
Benzyl O-dichloroacetylclavulanate (0.8 g, 0.002mol) in DMF (5ml) was added and the 
reaction was stirred at room temperature for 1 hour and was then evaporated to a brown 
oil which was purified by column chromatography on silica gel using 3:1 hexane/ethyl 
1 0 acetate, yielding the product as a colourless oil (0. 1 38 g, 1 8%). 
Found: C. 66.0; H. 5.2; N, 3.3% 
C 2 ,H 19 N0 4 S requires: C. 66.1; H. 5.0: N. 3.7% 
Example 139: OCH 2 -(2.4-diCl)Ph. Rl = SCH 2 Ph 

2.4-Dichlorobenzyl (3R. 5R. Z)-2-benzylthioethylidene-clavam-3-carboxylate. 

2.4-Dichlorobenzyl O-dichloroacetylclavulanate (2.35 g, 0.005mol) was dissolved 
in dry DMF (25ml) and benzyl mercaptan (0.93 g, 0.0075mol) was added. The mixture 
was cooled to -60°C and triethylamine (0.67ml. 0.0048mol) was added over 5 minutes. 
The reaction was stirred at -50 to -60°C for 60 minutes and then allowed to warm to room 
temperature, poured into diethyl ether (200ml) and washed with water (x3), brine, dried 
(MgS0 4 ) and evaporated to a yellow oil which was purified by column chromatography 
on silica gel using 5:1 hexane/ethyl acetate as the eluting solvents, yielding the product as 
a colourless oil. (1 .53 g, 69%). 
Found: C. 56.9; H. 4.2: N. 2.8; S. 7.0% 
C 22 H, 9 C1 2 N0 4 S requires: C. 56.9: H. 4.1; N, 3.0; S. 6.9% 
Example 140: R2 = OCH 2 -(2.4-diCl)Ph. Rl = SOCH 2 Ph 

2.4-Dichlorobenzyl (3R. 5R. Z)-2-benzylsulphinylethylidene-clavam-3-carboxylate. 
2,4-Dichlorobenzyl (3R. 5R. Z)-2-benzylthioethylidene-clavam-3-carboxylate (Example 140) 
(0.695 g, 1.5mmol) was dissolved in CH 2 C1 2 (25ml) and cooled to -60°C. MCPBA (0.51 g, 
1 .5mmol) in CH 2 C1 2 (40ml) was added over 20 minutes and the suspension was stirred at 
-60°C for 1 hour and then allowed to warm to room temperature. The reaction was washed 
with dilute Na 2 S0 3 , NaHC0 3 (x2). water, brine, dried (MgS0 4 ) and evaporated to an oil 
which was purified by repeat column chromatography on silica gel using hexane/ethyl acetate 
as the eluting solvents, yielding the product as a colourless oil (0.225 g. 31%). 
Found: C. 55.0. H, 4.5: N. 2.6: CI. 13.5; S, 6.4% 
35 C 22 H,9Cl 2 NO 5 S(0.42EtOAc) requires: C. 55.0; H. 4.4; N. 2.7: CI. 13.7; S, 6.2% 
Example 141: R2 = OCH 2 -(2.4-diCl)Ph, Rl = SQ 2 CH 2 Ph 
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2.4-Dichlorobenzyi (3R. 5R. 2)-2-benzylsulphonylethy]idene-clavani-3-carboxylate. 

2.4-Dichlorobenzyl (3R. 5R. Z)-2-benzylthioethyIidene-clavam-3-carboxylate 
(Example 140) (0.35 g, 0.75mmol) was dissolved in CH 2 C1 2 (30ml) and cooled in an ice 
bath. MCPBA (1 .04 g : 3mmol) in CH 2 C1 2 (25ml) was added over 10 minutes and the 
5 reaction was stirred in the ice bath for 90 minutes and was then allowed to warm to room 
temperature. The reaction was washed with dilute Na 2 S0 3 , NaHC0 3 (x2), water, dried 
(MgS0 4 ) and evaporated to an oil which was purified by column chromatography on 
silica gel using hexane/ethyl acetate as the eluting solvents, yielding the product as a 
colourless oil Recrystallisation from ethyl acetate gave the product as a colourless solid 
10 (0.15 g, 40%) m.p. 115-1 16°C. 

Found: C. 53.1: H. 4.0: N. 2.9; CI. 14.0; S. 6.7% 

C 22 H 19 C1 2 N0 6 S requires: C. 53.2: H. 3.9: N. 2.8; CI. 14.3: S. 6.5% 

The following compounds. Examples 142-146 were prepared as described above in 
15 Examples 138-141. 

Example 142: R2 = OCH 2 Ph. Rl = S(CH 2 ) 5 CH3 

Benzyl (3R. 5R. 2)-2-hexylthioethyIidene-clavam-3-carboxylate. Yield = 31%. colourless 
oil. 

20 Found: C. 64.7: H, 6.8; N, 3.6; S, 8.0% 

C 21 H 27 N0 4 S requires: C. 64.8; H, 7.0; N, 3.6; S, 8.2%. 
Example 143: R2 = OCH 2 Ph. Rl = S0 2 (CH 2 ) 5 CH 3 

Benzyl (3R. 5R. Z)-2-hexylsulponylethylidene-clavam-3-carboxylate. Yield = 36%. 
colourless oil. 
25 Found: C. 59.2: H, 6.3: N. 2.9: S. 7.9% 

C 2 ,H 27 NO 6 S(0.03CH 2 Cl 2 ) requires: C. 59.6: H. 6.4; N, 3.3; S. 7.6% 
Example 144: R2 = OCH 2 Ph, Rl = SCH 2 Ph 

Benzyl (3R, 5R. Z)-2-benzylthioethylidene-clavam-3-carboxylate. Yield = 29%, colourless 
oil. 

30 Found: C. 66.7: H, 5.4; N. 3.4: S. 8.2% 

C 22 H 21 N0 4 S requires: C. 66.8: H. 5.4; N. 3.5; S. 8.1% 
Example 145: R2 = oCH 2 Ph. Rl = SOCH 2 Ph 

Benzyl (3R. 5R. Z)-2-benzylsu|pinylethylidene-clavam-3-carboxylate. Yield = 23%. 
colourless oil. 

35 Found: C. 63.5: H. 5.4: N. 3.0% 

C 22 H 2) NO 5 S(0.08EtOAc. 0.18H 2 O) requires: C, 63.6: H. 5.3: N. 3.3% 
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Example 146: r2 = OCH 2 Ph. Rl = S0 2 CH 2 Ph" 

Benzyl (3R. 5R. Z>2-benzylsulponylethylidene-clavam-3-carboxyiate. Yield = 68%. 
colourless oil. 

Found: C. 60.7; H, 5.0; N, 3.2% 

C 22 H 2 ,NO 6 S(0.05CH 2 Q 2 . 0.24H 2 O) requires: C. 60.7: H. 5.0: N. 3.2% 
Example 147: R2 = 0(CH 2 ) 6 -Ph. Rl = NHCOPh 

6-(phenyl)hexyl (3R. 5R. Z)-2-(2-benzoylaminoethylidene)clavam-3-carboxvlate 
and 

Example 148: R2 = 0(CH 2 ) 6 -Ph, Rl = NHCOPh 

6-(phenyI)hexyI (3R. 5R. E)-2-(2-benzoylaminoemylidene)clavam-3-carboxylate 

a. 6-(phenyl)hexyl (3R, 5R. Z)-2-(2-azidoethylene)clavam-3-carboxylate 
6-( P henyl)hexyl clavulanate (10 g) in didthyl ether (100 ml) was treated with pyridine and 
thionyl chloride at -60«C to -40»C for 0.3 h. After aqueous work-up the organic extracts were 
evaporated and the residue dissolved in acetone (100 ml ) and treated with NaN, ( ] .07g) in 
water ( 1 0 ml) for 1 h. After acidification, and washing of the organic solution with water the 
organic extracts were evaporated, and chromatographed to give 6-(phenyl)hexyl (3R. 5R, Z)- 
2-(2-azidoethylidene)clavam-3-carboxylate (0.96 g). 

b. 6-(Phenyl)hexyl (3R, 5R. Z)-2-(2-azidoethylene)clavam-3-carboxylate (0.96 g)was 
dissolved in THF (30 ml) and treated with Zn dust (1.63 g) and 2N HQ. keeping the pH 
between 2.5 and 3. After stirring for 2h the mixture was neutralised, filtered and extracted 
with ethyl acetate. The organic extracts were washed with brine . dried and concentrated to 
30 ml. cooled to -40 to -50C and treated with pyridine and benzoyl chloride. After aqueous 
work-up the organic extracts were evaporated and chromatographed to give the title 
compounds as cream solids. 

(i) 6-(phenyl)hexyl (3R. 5R. Z)-2-(2-benzoylaminoethylidene)clavam-3-carboxvlate 0 56 g 
m.p. 93-94°C 

(i) 6-(phenyl)hexyl (3R. 5R. E)-2-(2-benzoylaminoethylidene)clavam-3-carboxviate 0 05 g 
m.p. 106-107°C 

Example 149 R2 = 0(CH 2 ) 6 -Ph. Rl = NHCOCH3 

6-(Phenyl)hexyl (3S. 5S. Z)-2-(2-acetamidoethylene)clavam-3-carboxylate 

a. 6-(Phenyl)hexyl (3S. 5S. Z)-2-(2-N-acetylglyctnamidoethylene)clavam-3-carboxylate 
(4.6 g) was prepared from sodium (3S. 5S)-9-deoxy-9-(2-N- 

acetylglycinamido)clavulanate ( 40 g) and 6-phenylhexyliodide (16.8 g) by the method 
described in Example 1 1 6 and was isolated as a yellow solid. 

b. 6-(Phenyl)hexyl (3S. 5S. Z)-2-(2-N-acetylglycinamidoethylene)clavam-3-carboxylate 
(2.3 g) in dichloromethane (125 ml) at -10C was treated with pyridine (3.95 g) in 
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dichloromethane ( 1 0 ml) and thionyl chloride (2.38 g) in dichloromethane ( 10 ml), then 
the mixture stirred at room temperature for 1 h. The mixture was cooled to -10C. and 
treated with 2-aminothiophenol (5 g), stirred for 1 h. and treated with pyridine (7.9 g) and 
acetyl chloride (6.3 g) in a total of 40 ml of dichloromethane. After stirring at room 
5 temperature for 1 h and aqueous work-up the title compound was isolated as a vellow 
semi-solid after chromatography (0.05 g) 
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1. Screen for Lp-PLA2 inhibition. 

Enzyme activity was determined by measuring the rate of turnover of the artificial 
substrate (A) at 37 °C in 50mM HEPES (N-2-hydroxyethylpiperazine-N'-2- 
ethanesulphonic acid) buffer containing 150mM NaCl. pH 7.4. 



NO 




— 0(CH 2 ) 9 CH 



O 

II 



1 — OPO(CH 2 ) 2 NMe 3 



© 



(A) 



Assays were performed in 96 well titre plates. 

Lp-PLAo was pre-incubated at 37 °C with vehicle or test compound for 10 min in a total 
volume of 180 ul The reaction was then initiated by the addition of 20 u.1 lOx substrate 
(A) to give a final substrate concentration of 20 uM. The reaction was followed at 405 
nm for 20 minutes using a plate reader with automatic mixing. The rate of reaction was 
measured as the rate of change of absorbance. 



25 



Results: The majority of compounds of Examples 1-149 had IC 50 s in the range 0.002-50 
uM with many (e.g. Examples 25-30. 55-57, 59-61. 64-77. 87-91 . 99-102, 106-108) 
having IC 50 s < 0.1 uM whilst Examples 53, 56. 71. 87. 88 and 137 have IC 50 s < 0.01 uM. 
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Claims 

1 . A compound of structure (I): 



PCT/EP96/04081 




(I) 



in which: 



RlisOH. OCOR3 OCHaO(CH 2)n OR5.0C 1 . 12 alkyl,0(CH 2 ) n C0 2 R5 ! 

.JCH^ 

-S(0) p C i . j 2 alkyl, S (CH 2 ) q Ph. S(0)r(CH->) n Ph. N 3 . NR6r7 or 

O °' 

R 2 is 0(CH 2 ) n Ph in which the phenyl ring may optionally be substituted, 

0(CH 2 ) n naphthyl, 0(CH 2 ) n COPh. 0(CH 2 ) n SPh. OCH(Ph)C,. 6 alkvl. OC, 6 alkyl 
10 NRl0 ( CH 2 ) q Ph.NRl0(CH 2 ) n COPh,N(R8 )O (CH 2 ) n Ph; ' " ' 

R3 155 C l-12alkyl, C 2 _ 12 alkenyl, optionally substituted phenyl, CH(Ph) 7 , biphenyl 

(CH 2 ) n Ph. (CH 2 ) n Het, (CH 2 ) n C0 2 R8 (CH 2 ) n C 3 . 6 cycloaIkyl, C(R9)J," adamanty'l, 

naphthyl, C 3 . 6 cyclohexyl, (CH 2 ) n Ph(CH 2 ) n Ph or PhOPh; 

R 5 is hydrogen or Ci_ 6 alkyl; 
15 one of R6 and R? is hydrogen or C^alkyl, and the other is CHO, CH 2 Ph. COCi 6 alkyl 

COPh. COCH 2 NHCOC,. 6 alkyl or NHCOOCH 2 Ph; 

R 8 is hydrogen or C \ .galkyi; 

R9 is hydrogen or halogen; 

R 10 is hydrogen, hydroxy, Chalky I or OCOCH3; 
20 mis 1 or2;nis 1 to 8; p is 0, 1 or 2; q is 0 to 6 and r is 0, 1 or 2; 
and salts, hydrates and solvates thereof. 

2. A compound as claimed in claim 1 in which R» is OH, OCOR^ or NROR7 

25 3 . A compound as claimed in claim 1 or 2 in which R 2 is 0(CH 2 ) n Ph, in which n is 1 to 
8. 

4. A compound as claimed in any one of claims 1 to 3 in which R3 is C M2 alkyl. 
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5. A compound as claimed in any one of claims 1 to 4 in which R 5 is hydrogen. 

6. A compound as claimed in any one of claims 1 to 5 in which one of R 6 and R 7 is 
hydrogen and the other is COC \ _ 0 alkyl. 

5 

7. A compound as claimed in any one of claims 1 to 6 in which R 8 is hydrogen. 

8. A compound as claimed in any one of claims 1 to 7 in which one group R? is 
hydrogen and the other two are halogen, in particular chlorine. 

10 

9. A compound as claimed in any one of claims 1 to 8 in which R 1 0 is hydrogen. 

1 0. A compound as claimed in any one of claims 1 to 9 in which m is 2. 
15 1 1 . A compound as claimed in any one of claims 1 to 1 0 in which n is 6. 

12. A compound as claimed in any one of claims 1 to 1 1 in which p is 2. 

1 3 . A compound as claimed in any one of claims 1 to 1 2 in which q is 0 to 6 

20 

14. A compound as claimed in any one of claims 1 to 13 in which r is 0, 1 or 2. 

15. A compound as claimed in claim 1 in which: 

R 2 = 0(CH 2 ) 6 -(4- F)Ph. Rl = OH;R 2 = OCH 3 . Rl = OH; 
25 R2=OC 6 H 13 .r1 =OH: 

R 2 =OC 18 H 37 . Rl =OH; 

R 2 =OCH 2 Ph.Rl =OH: 

R 2 = OCH 2 -(4-N0 2 )Ph. Rl = OH; 

R 2= OCH 2 -(4-Cl)Ph. R ' = OH; 
30 R 2 = OCH 2 -(4-CH3)Ph. R 1 = OH; 

R 2 = OCH 2 -(4-Br)Ph. Rl = OH; 

R 2 = OCH 2 -(4-OCH 3 )Ph. Rl = OH; 

R 2 = OCH 2 -(4-(CH 3 ) 3 )Ph. Rl = OH; 

R 2 = OCH 2 -(4-Ph)Ph. R 1 = OH; 
35 R 2 =OCH 2 -l-NaphthyLRl = OH; 

R 2 = OCH 2 -(4-OH. 3.5-di-tert-butyl)Ph. Rl = OH; 
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R 2 = OCH 2 -(2.4-diCI)Ph, R 1 = OH; 

R 2 = OCH 2 -(2.6-diCl)Ph, Rl =OH; 

R 2 = OCH 2 -(2.5-diCI)Ph, Rl =OH; 

R 2 = OCH 2 -(2 r 4-diCl)Ph. Rl = OH; 
5 R 2 =OCH 2 -(2.3-diCl)Ph,Rl =OH; 

R 2 =0(CH 2 ) 5 CO-(4-Cl)Ph. Rl = OH; 

R 2 = OCH(CH 3 )Ph,Rl =OH; 

R 2 =0(CH 2 ) 3 Ph.Rl =OH; 

R 2 = 0(CH 2 ) 8 Ph.Rl =OH; 
1 0 R2= 0(CH 2 ) 6 -(4-Br)Ph, R 1 = OH; 

R 2 = 0(CH 2 ) 6 Ph. Rl = OH; 

R 2 = 0(CH 2 ) 6 -(4-Cl)Ph, R 1 = OH; 

R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OH; 

R 2 = 0(CH 2 ) 6 -(2.4-diCl)Ph. Rl = OH; 
1 5 R2= 0(CH 2 ) 6 -(2.4-diCH 3 )Ph. R 1 = OH; 

R 2 = 0(CH 2 ) 5 -(2.4-diCl)Ph. Rl = OH; 

R 2 = 0(CH 2 ) 4 .(4-CH 3 )Ph, Rl = OH; 

R 2 = 0(CH 2 ) 4 -(4-OCH 3 )Ph. Rl = OH; 

R 2 = 0(CH 2 ) 4 -(4-Ph)Ph, Rl = OH; 
20 R 2 = 0(CH 2 ) 6 -(4-OH)Ph, Rl = OH; 

R 2 = 0(CH 2 ) 6 -(4-OCH 3 )Ph. Rl = OH; 

R 2 = 0(CH 2 ) 6 S-(4-OH)Ph, Rl = OH; 

R 2 =0(CH 2 ) 5 S-(4-OH,3,5-di-ten-butyl)Ph. Rl = OH; 

R 2 = OfCH 2 ) 5 SPh. Rl =OH; 
25 R 2 =OCH(C 5 H,,)Ph,Rl =OH; 

R 2 =NH(CH 2 ) 6 Ph,Rl=OH; 

R 2 = NH(CH 2 ) 6 -(4-F)Ph, Rl = OH; 

R 2 =N(CH 3 )(CH 2 ) 6 .(4-F)Ph, Rl = OH; 

R 2 = N(CH 3 )(CH 2 ) 6 - (4-C 4 H 9 )Ph. Rl = OH; 
30 R 2 =N(CH 3 )CH 2 Ph,Rl=OH; 

R 2 =NH(CH 2 ) 4 Ph,Rl =OH; 

R 2 =NHCH 2 Ph,Rl =OH; 

R 2 = NHO(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OH; 

R 2 =NHOCH 2 Ph ? Rl =OH; 
35 R 2 = NHO(CH 2 ) 5 Ph. Rl = OH; 

R 2 = NH-(4-CH 3 )Ph. R 1 = OH; 
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R2 

R2 
R2 
R2 
5 R2 
R2 
R2 
R2 
R2 

10 R2 



= NHCH 2 COPh, Rl = OH; 
= 6CH 3 ,Rl=OH; 
= 0(CH 2 ) 6 Ph,Rl =OCOCH 3 ; 
= OCH 2 -(4-N0 2 )Ph, Rl = OCO-(4-Ph)Ph; 
= 0(CH 2 ) 6 -(4-Br)Ph. R 1 = OCOCH 3 ; 
= 0(CH 2 ) 6 -(4-Br)Ph: Rl = OCO-(4-Ph)Ph; 
= 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 ; 
■= 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOPh; 
= 0(CH 2 ) 6 -(4-Cl)Ph. Rl = OCOCH3; 
'« OCH 2 -(2.4-diCl)Ph, Rl = OCOPh; 
OCH 2 -(2 r 4-diCI)Ph. Rl= OCOCH 3 ; 



R2 

R 2 = OCH 2 Ph. R 
R 2 = OCH 2 Ph. R 
R= OCH 2 Ph. Rl = OCOPh 
15 R2 : 



R2 

R2: 

R2: 

R2^ 

20 R2. 
R2: 

R= 

R2= 
R2= 

25 R2= 
R2= 
R2= 
R2= 
R2= 

30 R2= 
R2= 
R2= 
R2= 
R2= 

35 R2= 
R2= 



= OCOCH 3 ; 
= OCO-(4-Ph)Ph: 



= OCH 2 Ph. Rl = OCO(CH 2 ) 2 Ph; 
= OCH 2 Ph. Rl = OCOCH 2 Ph; 
= OCH 2 Ph, Rl = OCO(CH 2 ) 4 CH 3 ; 
= OCH 2 Ph, Rl = OCO(CH 2 ) 8 CH=CH 2 ; 
= OCH 2 Ph. Rl = OCO-(l-adamantyl); 
- OCH 2 Ph, Rl = OCOCH 2 -(2-thienyl); 
= OCH 2 Ph, Rl = OCO(CH 2 ) 2 C0 2 Et; 
OCH 2 Ph, Rl = OCO-(4-CN)Ph; 
= OCH 2 Ph. Rl = OCO-(4-N0 2 )Ph; 
= OCH 2 Ph. R 1 = OCOCH(Ph) 2 ; 
= OCH 2 Ph. Rl = OCO(CH 2 ) 7 CH 3 ; 
= OCH 2 Ph. Rl = OCO(CH 2 ) 2 -C 5 H 9 ; 
■ OCH 2 Ph ? Rl = OCO-(CH 2 ) 5 Ph; 
= OCH 2 Ph, Rl = OCO-(l-naphthyl); 
= OCH 2 Ph r Rl =OCOC 6 H n ; 
= OCH 2 Ph. Rl = OCO(4-CH 2 Ph)Ph; 
= OCH 2 Ph, Rl = OCO(4-0-Ph)Ph; 
= NH(CH 2 ) 6 Ph, Rl = OCOCH 3 ; 
= (CH 2 ) 6 -(4-OCH 3 )Ph, Rl = OCOCH 3 ; 
» NHO(CH 2 ) 5 Ph, Rl = OCOCH 3 ; 
= NH(CH 2 ) 6 -(4-F)Ph. Rl = OCOCH 3 ; 
= N(CH 3 )(CH 2 ) 6 -(4-F)Ph, Rl = OCOCH 3 ; 
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R 2 = 0(CH 2 ) 5 CO-(4-Cl)Ph. R 1 = OCOCH3; 

R 2 = 0(CH 2 ) 6 -(4-F)Ph. Rl = OCOCH3; 

R 2 = 0(CH 2 ) 6 -(4-CI)Ph. Rl = OCOCHCl 2 ; 

R 2 = OCH 2 -(3.4-diCl)Ph. Rl = OCOPh; " 

R 2 = OCH 2 -(3.4-diCl)Ph, Rl = OCOCH3; 

R 2 = N(CH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOPh: 

R 2 = NHO(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 ; 

R 2 = N(CH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 ; 

R 2 = OCH 2 Ph. Rl = OCOCHCl 2 ; 

R 2 = N(OH)(CH 2 ) 6 -(4-F)Ph, Rl = OCOCH 3 ; 

R 2 = N(OCOCH 3 )(CH 2 ) 6 -(4-F)Ph. Rl = OCOCH 3 ; 

R 2 = N(OCOCH 3 )(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = OCOCH 3 ; 

R 2 = NHOfCH 2 ) 6 Ph. Rl = OCOCH3; 

R 2 = 0(CH 2 ) 6 -(4-F)Ph. Rl= OCHO; 

R 2 = 0(CH 2 ) 6 Ph. R 1 = N(CH 3 )CH 2 Ph; 

R 2 = 0(CH 2 ) 6 -(4-F)Ph. Rl = NHCHO; 

R 2 = 0(CH 2 ) 6 Ph. Rl = NHCHO; 

R 2 = 0(CH 2 ) 6 Ph. Rl = NHCOCH3; 

R 2 = 0(CH 2 ) 6 -(4-F)Ph, Rl = NHCOCH3; 

R 2 = 0(CH 2 ) 6 -(4-Cl)Ph ? Rl = NHCOCH3; 

R 2 « 0(CH 2 ) 6 -(4-C 4 H 9 )Ph, Rl = NHCOCH3; 

R 2 = OCH 2 Ph. Rl = NHCOCH3; 

R 2 « OCH 2 Ph. Rl = NHCOPh: 

R 2 = OCH 2 Ph. Rl « NHCOPh; 

R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = NHCOPh; 

R 2 = NH(CH 2 ) 6 Ph. Rl = NHCOCH3; 

R 2 = NHO(CH 2 ) 5 Ph. NHCOCH3; 

R 2 = OCH 2 -(2.4-diC!)Ph, Rl = NHCOCH,NHCOCH 3 ; 

R 2 = OCH 2 -(2,4-diCl)Ph, Rl = NHCOCH^NHCOCH 3 ; 

R 2 = OCH 2 Ph, R 1 = NHCOCH3; 

R 2 « 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = NHCOCH3; 

R 2 = OCH 2 Ph. Rl = NHCOCH 2 NHCOCH 3 ; 

R 2 = OCH 2 Ph, Rl = NHCOCH 2 NHCOCH 3 ; 

R 2 = OCH 2 Ph. R 1 = NHC0 2 CH 2 Ph: 

R 2 = OCH 2 -(4-Br)Ph. Rl = NHCOCH 3 ; 

R 2 = OCH 2 Ph. R 1 = 0(CH 2 ) 2 OH; 
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R 2 = OCH 2 Ph. R* =N 3 ; 

R 2 = OCH 2 Ph. Rt = 0(CH 2 ) 5 CH 3 ; 

R 2 = OCH 2 Ph. Rl =OCH 3 ; 

R 2 = OCH 2 Ph. Rl =OTHP; 

R 2 = OCH 3 ,Rl =OCH 3 ; 

R 2 = OCH 2 -(4-N0 2 )Ph. Rl = OTHP; 

R 2 = OCH 2 Ph, R 1 = OCH 2 C0 2 Et; 

R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. Rl = SCH 3 ; 

R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph. R 1 = SOCH 3 ; 

R 2 = 0(CH 2 ) 6 -(4-C 4 H 9 )Ph, Rl = S0 2 CH 3 ; 

R 2 = 0(CH 2 ) 6 Ph,Rl =SCH 3 ; 

R 2 = OCCH 2 ) 6 Ph, Rl = S0 2 CH 3 ; 

R 2 = 0(CH 2 ) 6 -(4-Br)Ph. R 1 = S0 2 CH 3 : 

R 2 =.OCH 2 Ph.R« = SPh: 

OCH 2 -(2,4-diCI)Ph, Rl = SCH 2 Ph; 

R 2 = OCH 2 -(2.4-diCl)Ph, R 1 = SOCH 2 Ph; 

R 2 = OCH 2 -(2.4-diCl)Ph. Rl = S0 2 CH 2 Ph; 

R 2 = OCH 2 Ph, Rl = S(CH 2 ) 5 CH3;" 

R 2 = OCH 2 Ph. R 1 = S0 2 (CH 2 ) 5 CH 3 ; 

R 2 = OCH 2 Ph.Rl =SCH 2 Ph; 

R 2 = OCH 2 Ph, R 1 = SOCH 2 Ph: 

R 2 = OCH 2 Ph. Rl = S0 2 CH 2 Ph; 

R 2 = 0(CH 2 ) 6 -Ph. Rl = NHCOPh: and 

R 2 = OfCH 2 ) 6 -Ph. R 1 = NHCOCH3 

16. A pharmaceutical composition comprising a compound according to any one of the 
preceding claims and a pharmaceutically acceptable carrier. 

17. A compound according to claim 1 for use in therapy. 

18. The use of a compound of structure (I) as defined in claim 1 in the manufacture of a 
medicament for treating as defined in claim 1 in the manufacture of a medicament for 
treating atherosclerosis. 

19. The use of a compound of structure (I) as defined in claim 1 in the manufacture of a 
medicament for treating diabetes, hypertension, angina pectoris, after ischaemia, 
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reperfusion. rheumatoid arthritis, stroke, myocardial infarction, reperfusion injury, sepsis 
and acute and chronic inflammation, inflammatory conditions of the brain such as' 
Alzheimer's Disease, neuropsychiatric disorders such as schizophrenia, and psoriasis. 
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